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This study examined the impact of the graphing calculator on performance and
attitudes of urban students in high school geometry. The design for this study was true
experimental, quantitative, and pretest-posttest control group design with 30 subjects,
who were African Americans, in each group. The graphing calculator was used with the
treatment group. The statistical procedures used were the F-Test and ANOVA. A
Prentice Hall Geometry Achievement Test was used as a pretest and posttest to measure
change due to treatment. A Mathematics Attitude Inventory was used as a pretest and
posttest to measure change in academic attitude.
The study was based on the logical conditional that ifurban students perform
poorly in mathematics; and if the graphing calculator increases mathematics achievement
in general, and improves attitudes toward mathematics, then can the inclusion of
graphing calculators on a greater scale increase the mathematical performance and
attitudes of these students?
The findings were that there were significant differences in the Geometry
Achievement Test, the Conceptual Subtest, and the Procedural Subtest scores in favor of
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the treatment group. However, no significant difference was observed in the scores
obtained from the Mathematics Attitude Inventory. The post inventory scores of the
treatment group, however, reflected less anxiety and more enjoyment while the control
group’s scores reflected more anxiety and less enjoyment. The conclusions were that the
graphing calculator, when used as an instructional tool, does improve the performance and
probably the attitudes ofurban students enrolled in high school geometry.
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CHAPTER 1
INTRODUCTION
Mathematics teachers in many urban high schools find it difficult to meet the
individual needs of students enrolled in large geometry classes. The students are usually
new to high school and bring with them diverse mathematical strengths, weaknesses, and
experiences. The writer has found that while a small percentage of these students have
excellent mathematical backgrounds, a large number of them are deficient in basic
mathematical and algebraic skills. They often possess a serious dislike for mathematics
in general and geometry in particular. In attempting to address the varying needs of such
students, the writer found that the only effective assistance available was a nearby
computer lab. The students loved using the computers. The computers enabled the teacher
to use individualized instruction when appropriate software was available.
However, neither the computer lab nor appropriate software was often available.
With the advent of the graphing calculator, a readily accessible “hand-held computer,” a
solution seemed possible. The National Council ofTeachers ofMathematics strongly
recommends that the graphing calculator be used in high school as well as in middle
school. Thus, this study examines the impact of the graphing calculator on the geometry
achievement and attitudes ofurban high school students. Geometry achievement is
defined as a measure ofproficiency, mastery and understanding of geometry concepts.
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computation and critical thinking skills, and performance. Attitude is defined as a
construct which includes one’s feelings toward or enjoyment ofmathematics and anxiety
toward mathematics. The purpose of this study was to explore the effects of the
graphing calculator on the attainment of selected geometry concepts and skills and on
attitude changes of high school students in an urban community.
Rationale for the Study
Statistics show that American students score lower on mathematics tests than
students from many other countries. In the 1998 Third International Mathematics and
Science Study (TIMSS), seniors in U.S. high schools scored significantly below average
compared with their peers in 21 countries. A bright spot in the study is the performance
ofAmerica’s very best. The scores ofU. S. students taking AP calculus place them
above the international average, with only advanced students in France having
significantly higher scores. Unfortunately, this was not the case for the average U. S. 12th
grader on many measurement and geometry items. The TIMSS report stated that “ In a
performance that is representative ofU.S. scores on many measurement and geometry
items, U.S. 12th graders performed below average.... The advanced-mathematical
assessment showed that U.S. advanced students also performed poorly on the items
related to geometry.”'
African American students, who often live in urban communities, have even less
success in mathematics and drop out ofmathematics courses at a higher rate than
the average American. They are also less represented in mathematics related
careers. Many American mathematics classrooms in general are void of
computers and the use of calculators. This void is found more fi'equently in the
' National Council of Teachers ofMathematics, “U.S. 12th Graders Score below Average in
Math Study,” News Bulletin. 34, (April 1998).
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poorer, urban public schools than in the more affluent, suburban schools that are
predominantly white. With more and more jobs becoming hi-tech skills jobs, and
with 85% of the new members of the work force in the year 2000 being Blacks,
Latinos and White women (only 15% will be White males), this presents a grave
employment problem for the United States and a challenge for our educational
system.^
Causes ofUnderachievement
One major reason for poor mathematical performance is lack of attention to
individual differences in knowledge and pace of learning in high-ability students.
Students often enter a class with prior knowledge that is ignored when the teacher begins
class at a common starting point. Shaklee and Sissy feel that students are often held back
by an instructional pace that is too slow for them. Unless their mathematical abilities are
acknowledged and addressed, they are likely to retrogress. It is even suggested by some
educators that the spiral math curriculum in elementary school, which cycles back
through material year after year, is responsible for the low achievement levels of U.S.
students on international tnathepiatics assessment.^
A second cause that has been researched by Aiken and Wilson that effects
mathematical achievement is motivational and emotional factors such as attitude, anxiety,
or interest. In spite of the well-supported research on the modest impact ofmotivation
and emotion on mathematics achievement, McCleod and Adams feel these effective
variables should not be ignored. There is evidence of a decreasing trend in average
mathematics performance and interest in mathematics during the course ofhigh school.
• Jacqueline Frazier Rowser and Irish Yourst Koontz, “Inclusion of African American
Students in Mathematics Classrooms: Issues of Style, Curriculum, and E.xpectations,” The Mathematics
Teacher 88, ( September 1995).
3 Carol J. Mills, Karen E. Ablard, and William C. Gustin, “Academically Talented Students’
Achievement in a Fle.xibly Paced Mathematics Program." Journal for Research in Mathematics
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Thus there is a need for more investigation of the emotional and motivational dynamics
ofachievement-related processes. *
Learning Styles ofAfncan Americans
The motivational concepts of attitude and interest are closely related to learning
style, which becomes a third cause for low mathematical achievement ofurban students
when it is not acknowledged in the classrooms. According to Madge Gill Willis, noted
Black Psychologist:
With the increasingly large numbers ofAfrican American children who are not
successful in school, more attention needs to be devoted to developing methods
and processes by which they can effectively learn, achieve, and be empowered.
The construct of learning style seems to be an appropriate one for studying the
instructional process.*
Willis gives four major assumptions and their authors that relate to learning
styles. The first, which was given by Polce, is that learning style is an important
dimension to consider in a child's’ school experience. The second, according to Hale-
Benson, Hilliard, and Neisser, is that culture affects cognition, attitude, behavior, and
personality. The third assumption, which was given by Hale-Benson and Nobles, is that
African Americans are strongly influenced by their African heritage and culture. Last,
and the oneWillis feels is perhaps the most important, is that the “differences between
Black and White children’s cognitive and functioning and learning styles are simply that-
Education. NCTM 25, (November 1994).
3 Carol J. Mills, Karen E. Ablard, and William C. Gustin, “Academically Talented Students’
Achievement in a Fle.'dbly Paced Mathematics Program." Journal for Research in Mathematics
^ Ulrich Schiefele andMihaly Csikszentmihalyi, “Motivation and Ability of Factors in
Mathematics Experience and Achievement." Journal For Research in Mathematics Education. NCTM,
26, (March 1995).
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differences—zxA not deficits.” *
A need to “see whole concepts” is included in a list of learning styles given by
Jacqueline Jordan Irvine and Darlene Eleanor York. According to research, Afiican
Americans tend to:
1. respond to things in terms of the whole instead of isolated parts;
2. focus on people rather than things; choose social over nonsocial cues;
3. approximate space and numbers rather than adhere to exactness or accuracy;
4. prefer learning characterized by variation and freedom ofmovement; prefer
kinesthetic/active instructional activities.’
Edwin J. Nichols feels that Black teachers should develop curriculum materials
and utilize manipulatives that will enable Black students to focus on and to utilize
Afiican culture.*
Could these curriculum materials and manipulatives relate to the graphing
calculator? In an article on the status of the graphing calculator, Dunham and Dick
informed its readers that the National Council ofTeachers ofMathematics made the
following assumption in the Curriculum andEvaluation Standardsfor School
Mathematics (NCTM 1989); “Scientific calculators with graphing capabilities will be
available to all students at all times.” They found several studies of Precalculus students
at both the secondary school and collegiate levels that attempted to compare overall
*Ibid
’
Jacqueline J. Irvine and Darlene E. York, “Learning Styles and Culturally Diverse Students:
A Literature Review," Handbook ofResearch on Multicultural Education ed, James A Banks, (New
York: Macmillan Publishing Co., (1995).
* Edwin J. Nichols, “Cultural Foundation for Teaching Black Children”, Teachins
Mathematics-Volume I: Culture. Motivation. History and Classroom Management (Washington, D.C.:
Institute for Independent Education, Inc., 1986), 1-7.
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achievement between experimental groups--for whom the “treatment” was the use of
computers or graphing calculators in instruction-while the control groups were taught
the traditional way. The results were mixed but encouraging. Several researchers,
Ruthven, Quesada and Maxwell, and Harvey, found significant differences in favor of
the experimental groups.®
Harvey analyzed data from the 1988-89 field test of a graphing-intensive
curriculum, the Computer and Calculator in Precalculus Project (C2PC). In this study,
he compared school mean scores for fifty-five schools using the graphing technology and
the C2PC materials with the scores of twenty-two control schools with traditional
Precalculus courses. He found statistically significant differences favoring the C2CP
schools. This suggests that the graphing calculators used in instructional strategies will
increase mathematical achievement scores of students in general. Do they, incidentally,
also accommodate the learning styles of African Americans?
According to Demana and Waits, professors at Ohio State University, the
graphing calculator has great visualization capabilities which empower students to “see”
the mathematics as they do it. Thus the “whole picture "or whole graph, with its
maximum and minimum points, zeroes, and asymptotes, all can be seen and analyzed
prior to the often long and tedious step by step, algebraic method of finding them.
Inferential and intuitive reasoning which results in making predictions based on observing
i
numerous patterns is a frequent activity using the calculator. With the zoom in features
*
Penelope H. Dunham and Thomas P. Dick, "Research on Graphing Calculators." The
Mathematics Teacher. 87. No. 6, (September 1994).
Ibid.
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of the graphing calculators, “approximate” solutions to systems of equations can be
found simply by “zooming in” where the graphs of curves cross. With the portable
characteristic of the calculators, the preferred social method of cooperative learning
while problem solving can be realized. And with such units at Texas Instruments’
Calculator Based Laboratory and its Motion Detector, many kinesthetic activities can be
performed that teach scales, vectors, and function concepts. These units also enable
students to make connections between mathematics and the real world through active,
hands-on, experimentation." These capabilities all parallel the learning styles ofAfrican
American students.
Is attitude also effected by calculators? Hembree and Dessart researched
seventy-nine reports of experiments and relational investigations. In each of those
studies, one group of students had been permitted to use calculators within a “treatment”
period for computation or to help develop concepts and problem-solving strategies. At
the end of the treatment, both groups were examined and their average scores were
compared. It is significant to note that Hembree and Dessart considered their findings
relating to mathematical performance as encouragement toward calculator use in the
classroom with a modest caution in some areas. What is more significant is that they
found that “those students using calculators displayed a better attitude toward
mathematics and an especially better self-concept in mathematics than students who had
no formal contact with the device.”"
" Franklin Demana and Bert K. Waits, “A Computer foxAll Students," The Mathematics
Teacher. 85. No. 2, (February 1992).
Ray Hembree and Donald J. Dessart, “Research on Calculators in Mathematics Education,
Calculators in Mathematics Education. NCTM. (1992).
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Thus it seems a logical consideration that if urban students perform poorly in
mathematics; and if the graphing calculator increases mathematics achievement in
general, and improves attitudes toward mathematics, then can the inclusion of graphing
calculators on a greater scale increase the mathematical performances and attitudes of
these students?
Significance of the Study
Shabazz stated that poor mathematical performance in students, in general and in
urban students in particular, is a societal problem. Many urban students become high
school dropouts and end up in jail due to continual failure in school. In high school,
more students fail mathematics than any other subject. Statistics show that it costs more
to maintain imprisonment than to provide a high school education.’^
Anderson reported these statistics in summarizing the Commission on
Professionals in Science and Technology’s 1986 report Scientific Manpower, 1987 and
Beyond: Today's Budget—Tomorrow's Workforce:
By 2010--just 20 years from now—at least one-third of the 18-year-olds in the
U.S. will be Black or Latino. By the year 2000, 75 percent of all goods
manufactured in the U.S. will be automation; the fewer jobs that will be available
will either be no-skills, fast-food type jobs or hi-tech skill jobs.
The infusion of technology into the classroom by way of the graphing calculator.
Dr. Abdulalim Abdullah Shabazz, Interview by Mildred P. Coals, Oral Interview, Atlanta,
Georgia, 6 July 1995.
Jacqueline Frazier Rowser and Irish Yourst Koontz, “Inclusion ofAfrican American
Students in Mathematics Classrooms: Issues of Style, Curriculum, and Expectations,” The Mathematics
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enhances the mathematical program extensively. One of its major strengths is its “power
ofvisualization” which gives tremendous aide in understanding mathematical concepts.
This is evident as the graphing calculator offers more flexibility in studying graphs. The
various functions on a graphing calculator can help students to analyze the graph in a
way not possible with traditional paper and pencil techniques. The graphing calculator
allows students to go deeper into mathematical concepts. It is a tool that allows students
to come to conclusions about the “rules” and relationships in mathematics through their
own understanding. In addition, research has shown that discovery and internalization of
this type is more deeply understood than the dissemination of information usually seen in
a traditional lecture situation. Teachers are able to teach more mathematics by removing
the mechanical manipulation time previously required with paper and pencil.** Therefore
the graphing calculator provides hope for success ofall students ofmathematics. This
reduces high school dropouts and provides hope for reducing the impending increase in
unemployment for urban students.
Given these changes in mathematics and mathematics education, the significance
of the present study is that it provides an instructional strategy that is intended to
enhance the mathematical performance and attitude of predominantly African-American,
secondary school students enrolled in urban schools. This instructional model
incorporates the recommendations set forth in the National Council ofTeachers of
Mathematics’ Curriculum & Evaluation Standards (1989) and the Mathematics
Teacher 88, No. 6, (September 1995).
Frank Elemana and Burt K. Waits, “A Computer foxAll Students,” The Mathematics Teacher
85, (February 1992).
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Association ofAmerica. (MAA). And finally, this study is significant because it provides
hope for reducing the impending increase in unemployment for African Americans and
for producing technology literate workers for now and in the future.
Statement ofProblem
Urban students often perform poorly in mathematics and have poor mathematical
attitudes. Several studies suggest that the graphing calculator caused improvement in
mathematical performance and attitude. Therefore, the following problem was
investigated: Does the use ofgraphing calculators effect an increase in the geometry
performance and attitudes ofAfrican American high school students?
Research Questions
1. Does the use of the Graphing Calculator Instructional Method increase the overall
mathematical achievement ofAfrican American students enrolled in a secondary
school geometry class?
2. Does the use of the Graphing Calculator Instructional Method increase the
achievement ofconceptual knowledge of selected geometiy topics ofAfrican
American students enrolled in a secondary school geometry class?
3. Does the use of the Graphing Calculator Instructional Method increase the
achievement ofprocedural knowledge of selected geometry topics ofAfrican
Americans enrolled in a secondary geometry class?
4. Does the use ofthe Graphing Calculator Instructional Method enhance the
mathematical attitude ofAfrican American students enrolled in a secondary school
geometry class?
Hypotheses1.There is no significant difference between the mathematical achievement scores of 11
Afiican American students enrolled in a secondary school geometry class taught using
the Graphing Calculator InstructionMethod and Afiican American students enrolled
in a secondary school geometry class taught using the Non-Graphing Calculator
Instructional Method.
»
2. There is no significant difference in the achievement scores on conceptual knowledge
of selected Geometry topics ofAfrican American students taught using the Graphing
Calculator Instructional Method and Afiican American students taught using the Non-
Graphing Calculator Instructional Method.
3. There is no significant difference in the achievement scores on procedural knowledge
of selected Geometry topics ofAfiican American students taught using the Graphing
Calculator Instructional Method and Afiican American students taught using the Non-
Graphing Calculator Instructional Method.
4. There is no significant difference between the mathematical attitude ofAfrican
American students enrolled in a secondary school geometry class taught using the
Graphing Calculator Instruction Method and Afiican American students enrolled in a




Learning and Understanding Mathematics
How do students leam mathematics? According to James Hiebert and Thomas
Carpenter, in their article, “Learning and Teaching with Understanding,” there is a long
standing debate in mathematics education concerning the relative importance of
understanding versus skill. Some of the participants are Brownell, Bruner, Gagene,
McLellan & Dewey, and Thorndike. Their framework is based on the assumption that
knowledge, and one’s understanding of it, is represented internally, and that these
internal representations are structured. They further reason that to think about and
communicate mathematical ideas requires internal and external representation
respectively. Research shows that communication requires that the connections are
influenced by external connections and therefore the greater the variety and quantity of
stimuli in the external representations, the greater the network of internal connections
and understanding. Lesh, Post and Behr theorize that external representations take the
form of “spoken language, written symbols, pictures, or physical objects
Hiebert further explains that understanding is generative—enabling or
empowering students to create their own internal representations. Significant
implications for the growth of students’ mathematical knowledge are given by the
theoretical case for the generation ofunderstanding. If correct, the theory places great
significance on building understanding-of“creating rich networks of knowledge”—when
’^“Learning and Teaching with Understanding,” Handbook ofResearch on Mathematics
Teaching and Learning (New York, NY: Macmillan Publishing Co., 1992).
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a topic is first introduced. ‘The emphasis should be placed initially on supporting
students’ effort to build relationships rather than encouraging them to become proficient
executors ofprocedures.” This is the opposite ofwhat takes place in reality when
students are led to “store pieces of information separately through drill and practice” and
then are expected to create a network later.
Conceptual Vs Procedural
‘ An issue associated with understanding is the debate over the relative importance
of conceptual versus procedural knowledge or understanding versus skill. Participants in
that debate have been Brownell, Bruner, Gagne, McLellan & Dewey, 1895; and
Thorndike. The debate has often been carried out when decisions about instructional
programs are being made. A conclusion is that the debate should not be over which one
is more important, since both kinds of knowledge are important. Rather, the question to
ask is how are conceptual and procedural knowledge related.**
Hiebert U Lefevre defines conceptual knowledge in a way that identifies it with
knowledge that is understood and equates it with connected networks. In other words,
conceptual knowledge is knowledge that is rich in relationships. A unit of conceptual
knowledge is never stored as a piece of isolated information; it must be a part of a





Standard computation algorithms in mathematics are examples of procedures.
Procedures often describe the manipulation of symbols in a step-by-step sequence. As far
as the relationship between the two is concerned, both kinds ofknowledge are required
for mathematical expertise. Procedures, however, depend upon principles represented
conceptually. Procedures connected to networks can use all the information in the
network. Therefore, when solving problems for which a procedure is not known, the
related conceptual knowledge may “detect useful similarities and differences between
problems, and subsequently, inform the procedure regarding appropriate adjustments. In
this way, conceptual knowledge extends the procedure’s range.”*’
Jean Piaeet and The van Hieles.
Jean Piaget and The van Hieles applied the ideas ofexternals networks of
conceptual knowledge to stages or levels. Jean Piaget’s work stressed four stages of
cognitive development: the sensorimotor, the preoperational, the concrete operational,
and the formal operational. According to the theory ofPierre and Dina van Hiele,
students advance through levels of thought in geometry from a visual level through
increasingly sophisticated levels ofdescription, analysis, abstraction, and proof The van
Hiele model, designed to help students gain insight into geometry, uses five levels to
describe student thinking -Level 0;Visual (shapes are judged by their appearance); Level
1:Analysis (figures are seen in terms of their components and properties of a class of
shapes are discovered); Level 2: Informal Deduction (previously discovered properties
are logically interrelated); Level 3: Deduction (theorems are proven deductively); and
19 Ibid., 67.
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Level 4: Rigor (theorems are established in different postulational systems). ^
There are similarities in the theories ofPiaget and the van Hieles. They both
emphasize the role of the student in actively constructing their own knowledge, as well
as the “nonverbal development ofknowledge that is organized into complex systems.”
For example, van Hiele stressed that successful students do not learn facts in isolation
such as names, or rules, but they learn connected networks of relationships that link
geometric concepts and processes (van Hiele).
Geometry and Spatial Reasoning
School geometry is the study of those spatial objects, relationships, and
transformations that have been formalized and the axiomatic mathematical
systems that have been constmcted to represent them. Spatial reasoning, on the
other hand, consists of the set of cognitive processes by which mental
representations for spatial objects, relationships, and transformations are
constructed and manipulated.^
Obviously, geometry and spatial reasoning are closely related. Many mathematics
educators include spatial reasoning as a part of the geometry curriculum. For example,
Usiskin (1987), gave four dimensions ofgeometry; the first three require spacial
reasoning. They are listed below:
1. Visualization, drawing, and construction of figures
Dorothy Geodes and Irene Fortunato, “Geometry: Research and Classroom Activities,”
Research Ideas for the Classroom-Middle Grades Mathematics. National Council ofTeachers of
Mathematics Research Interpretation Project, (New York: MacMillan Publishing Company)
“Learning and Teaching with Understanding,” Handbook ofResearch on Mathematics
Teaching and Learning, NCTM, (New York, NY: MacMillan Publishing Co., 1992).
“
Douglas H. Clements and Michael T. Battista, “Geometry and Spatal Reasoning,” National
Council ofTeachers ofMathematics, Handbook ofResearch on Mathematio<; Teaching and Learning.
NCTM. (New York, NY: MacMillan Publishing Co., 1992), 71
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2. Study of the spatial aspects of the physical world
3. Use as a vehicle for representing non-visual mathematical concepts
4. Representation as a formal mathematical system
Fennema and Sherman have found positive correlations have been found between
spatial ability and mathematics achievement at all grade levels. Observation of
mathematics readily shows why this is true. For example, in determining the area of a
rotated square on a geoboard, one would need to make mental images of squares and
triangles, and mental representations of the acts of rotating and translating triangles. The
importance of visualization has also been emphasized by Soviet researchers.
Yakimanskaya stated that “Visualizations are used as a basis for assimilating abstract
(geometric) knowledge and individual concepts”. Understanding the concept of
rectangle and its properties requires that students analyze the spatial relationship of the
sides of a rectangle—that is, understand opposite sides and distinguish them from
adjacent sides. It is often stressed that teachers should provide activities for developing
students’ spatial imagination since it is so vital to success in mathematics.“
Limitations
There were two limitations to the study. The small number of subjects - thirty in
each group - appeared to prevent a favorable trend which occurred relative to attitude
change to manifest itself in a statistically significant way. Also, more time, which was
another limitation, was needed to devote to daily calculator distribution and collection,
and to meet other course requirements such as research projects and standardized test
23 Ibid., 72
17
preparation. This shortage of time often caused stress and probably reduced the amount
ofenjoyment associated with the use of calculators that probably would have been
experienced in a more relaxed atmosphere.
Delimitations
The study consisted of two geometry classes ofapproximately 30 students each
in the ninth and tenth grades. The school is an urban school with students that come
from metropolitan and inner city communities. The school, which is predominantly
African American with a percentage of 99.8%, has an enrollment of approximately 1300
students.
The test scores are usually in the upper 50th percentile on the Test of
Achievement and Proficiency (TAP), the Scholastic Aptitude Test, (SAT) and most
achievement tests. This was the only school used in the study. This allowed greater
control of the variables that could have affected the study.
Operational Definitions
1. Attitude is informally defined as a person’s feeling about something. More
formally, the investigator uses attitude as a construct which includes two scales-
anxiety towardmathematics and enjoyment ofmathematics?* Anxiety toward
Mathematics reflects the uneasiness a student feels in situations involving
mathematics. Enjoyment ofMathematics reflects the pleasure a student derives
from engaging in mathematical activities.
2. Conceptual knowledge is defined as knowledge that is understood and is
Richard Sandman, Mathematics Attitude Inventory User's Manual (Minneapolis. MN:
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identified with connected networks of relationships as opposed to isolated
information. Conceptual knowledge is knowledge that is rich in relationships.
3. Geometry achievement is defined as a measure ofproficiency, mastery and
understanding ofmathematical concepts, computational and critical thinking
skills, and performance in general and as it relates to constructions,
transformational geometry and coordinate geometry in particular.
4. Procedural knowledge is a sequence ofactions such as standard arithmetic
algorithms. It is closely related to developing skills. It is characterized by step-
by-step instructions.
5. School Geometry is the study of those spatial objects, relationships, and
transformations that have been formalized (or mathematized) and the study of
axiomatic mathematical systems that have been constructed to represent them.^^
Minnesota Research and Education Center, 1979).
Douglas H. Clements and Michael T. Battista, “Geometry and Spatial Reasoning,’’
Handbook of Research on Mathematics Teachine and Learning. (New York, NY: MacMillan Publishing
Co., 1992).
CHAPTER 2
REVIEW OF THE LITERATURE
This chapter is devoted, first, to a review of the literature about the graphing
calculator and related programs. The mathematics achievement of the American
students, urban students, ?md Afiican-American students is then researched and the
causes ofunderachievement in the urban students are analyzed. Lastly, an extensive
review of studies and programs relating to the graphing calculator, achievement, and
attitude change is included.
Graphing Calculator
According to Demana and Waits, co- founders ofT3, “Teachers Teaching with
Technology”, graphing calculators are hand-held computers. Modem graphing
calculators have many computer-like features: they have standard computer
processors, display screens, and built-in software and they are fially
programmable. They are computers that fit in a pocket of purse. The built-in
graphing software on modem graphing calculators includes ^mction-graphing
utilities and parametric-graphing utilities that do not require programming. In
addition, modem graphing calculators have statistical functionality with a
graphics interface and powerful matrix-arithmetic capabilities.^
In addition to being hand-held computers, graphing calculators also have the
capabilities of the four-funrtion and scientific calculators. Therefore, what is true about
these calculators is also true about graphing calculators. The first four function, hand¬
held electronic calculators were sold to the public nearly twenty years ago. And while
they fascinated mathematics students and teachers, they were slow to become a part of
“ Franklin Demana and Bert K. Waits, “A Computer forAU Students,” The Mathematics
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the instructional procedures of the mathematics classroom. This was due mainly to the
influx ofmicrocomputers into the classrooms in the early 1980’s. However, according
to James T. Fey, editor of the 1992 National Council ofMathematics Yearbook, “Recent
developments in calculator technology-including capabilities for the manipulation of
fractions for graphing algebraic expressions for statistical data, analysis and display, and
for formal symbolic manipulation—have brought low cost hand-held, battery-powered
devices back to center stage in the debate over new directions for school mathematics."^’
An area in which the calculator would help the high school curriculum as well as
elementary and middle is problem solving. According to Hembree and Dessart’s
research meta-analysis, problem-solving scores are higher when calculators are used.
Students are more confldent and enthusiastic when allowed to use calculators. Calculator
use encourages more exploratory and experimental activity. For example, consider this
problem. “Pens cost S.69 each. How many pens can Jesse buy for $50, and how much
change will she receive?” Sixth grade students with calculators have been observed
trying 10 x $.69, 15 x $.69, 20 x $.69 in an effort to solve the problem.
Many times if student do not have calculators, they tend to do nothing before they
attempt to carry out the “laborious” calculations by hand. Calculators, therefore,
encourage persistence. There is evidence that when students are engaged in problem
solving with calculators, they work longer at a task to reach a solution. Students in
Teacher. 85, No. 2. (February 1992).
Grayson H., Wheatley and Richard Shumway, “The Potential for Calculators to Transform
Elementary School Mathematics,” Calculators in Mathematics Education: 1992 Yearbook. National
Council of Teachers of Mathematics. (1992).
^ R. Hembree and D. Dessart, “Research on Calculators in Mathematics Education,”
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conventional instruction often feel that if a problem is not solved in one minute, they cannot
solve it. The calculator is changing that belief ^
Thanks to prompting and support by the National Council ofTeachers of
Mathematics (NCTM), middle schools have begun to use the calculator more frequently.
Yet, there.is still much to be done on this grade level; as a matter of fact, reform proposals
exist that suggest that students should not be grouped according to ability and prior
achievement. Such proposals were made by the NCTM Curriculum and Evaluation
Standards for School Mathematics (1989), Everybody Counts (1990), and Reshaping
School Mathematics (1990). It is strongly felt that “calculators are an important tool to
overcome obstacles that have prevented many students from having full access to courses
rich in mathematical contentThe NCTM Standards recommend that in the middle
grades calculators, along with other technology, should be available to free students from
“tedious computations and ^low them to concentrate on problem solving and other
important content.”^®
Charles B. Yonder Embse feels that the “ideal calculator environment for middle
school students to learn prealgebra concepts, to explore patterns and processes, and to
solve problems should be one in which multiple inputs and outputs of the calculator are
shown clearly.” He feels that it should be an interactive environment that allows students
to explore and experiment, it should be affordable, it should be portable so that it can be
in Mathematics Education. NCTM. (1992).
^Ibid.
“ Nicholas A. Branca, Becky Ann Breedlove and Byron W. King, “Calculators in the Middle
Grades: Access to Rich Mathematics." Calculators in Mathematics Education: 1992 Yearbook. National
Council of Teachers ofMathematics. (1992).
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used at home. He continues, “In many respects, the ideal calculator environment sounds
more like a computer environment. In fact, the intersection of calculator and computer
technology, the graphing calculator, is this ideal environment for teaching and learning
mathematics in the middle grades.” One benefit Embse gives of the graphing calculator
over a standard hand-held calculator relates to algebraic hierarchy and order of operations.
He feels that a stumbling block for many novice users is the need to visualize, or hold in
memory, a complicated string ofnumbers, operational symbols, and grouping symbols as
they are entered into a calculator. He gives the following example below:
Perform the following calculation:
3+ 4(5-6/7)
On a standard calculator, only single, numerical entries and calculated values would be
shown. The operational and grouping symbols are not shown. Press 3 and you will see a
3, press + and you will see a 3, press 4 and you will see a 4, press * and you will see a
4, etc. After making all entries, press = and you will see 19.571429. On a graphing
calculator, “The large screen fimctions like a computer screen, showing the entire key
sequence and the answer at the same time. The screen display of the keying sequence
closely resembles the actual mathematical phrase.” In the example above, you would see
the following calculations on a graphing calculator screen:
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3 + 4*(5- 6/7)
19.57142857
OR 3 + 4(5- 6/7)
19.57142857.
Several expressions can be shown on the same screen which enables comparisons
to be made. Entry errors and incorrect operational and grouping symbols can be seen and
corrected on the graphing calculator.^ ‘
The graphing calculator is more prevalent on the high school level. Gail Burrill,
former President ofNCTM, makes the following comparison: “Just as the four-function
calculator challenged the role ofpencil-and-paper skills in arithmetic and the goals of
elementary school mathematics, graphing and programmable calculators are forcing a
serious examination of the secondary school curriculum.” A great deal of the secondary
mathematics characterized by learning long and laborious algorithms can be done by
scientific and graphing calculators including finding the mean, standard deviation,
correlation coefficient, permutations, combinations, and using standard functions such as
sine, cosine, logarithm, absolute value, and the greatest integer. “Calculators can now
draw histograms, graph functions, plot points corresponding to individual ordered pairs,
Charles B. Vender Embse, “Concept Development and Problem Solving Using Graphing
Calculators in theMiddle School,” Calculators in Mathematics Education: 1992 Yearbook. National
Council ofTeachers ofMathematics. (1992).
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and connect those points in sequence.”^^Thus with the calculator being able to do so
much of the “procedural” mathematics, is there a need or a benefit in spending valuable
I
and often fruitless time trying to have students achieve mastery in these processes?
According to Burrill, the following comment is made in Reshaping School
Mathematics, “Facility in these skills is not an absolute prerequisite either to the use of
mathematics or to further study in mathematical based fields.” She gives the following
examples that occur in first year algebra textbooks;
Simplify:
• (3x* - 4xy + 2x) + (-4x‘‘ + 2x^ + y** )
• (pVr^sXpqr^s^)
• 4a (a^b + a)(a^b^ - 5b^)
• V5/6 - V6/S
How important is it for students to learn the skills to simplify these expressions? Burrill
continues: “When in the mathematics most students will encounter do they need to handle
nonlinear expression with four variables? Expressions such as these are not even part of
calculus...Is it essential to have students struggle with such complex problems as
preparation for the relatively simple exercises they will legitimately encounter? How hard
do problems have to get before students understand the concept?”^^
And can these concepts be obtained an easier way such as through visualization?
According to Demana and Waits, “Graphing calculators empower students by giving them
Gail Burrill, “The Graphing Calculator: A Tool for Change”. Calculators in Mathematics
Education: 1992 Yearbook. National Council ofTeachers ofMathematics, 1992.
"ibid.
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the ability to use the power of visualization to do mathematics. Through this power
students can add a geometric representation to investigate traditional algebra topics. For
example, students can readily verify that 2/x + (x-3)/3 = (x^ - 3x + 6)/3x by using the
graphing calculator. Graphing y=2/x + (x-3)/3 and y = (x^ - 3x + 6)/3x in the same
viewing window and seeing that the graphs are identical strongly suggests that the
algebraic process used to produce the answer is correct. Without the graphing calculator
this method would not work because producing these graphs by hand would be too time
consuming. School mathematics is in transition and algebraic manipulation is being de-
emphasized. Howeyer, some algebraic manipulation is needed. In the example above, if
the graphs were not the same, students algebraic errors would become visible. So
visualization is good for checking algebraic work.^”*
Demana and Waits give many other benefits of the graphing calculator. Equations
or a system ofequations can be sketched within seconds that could take you five or ten
minutes to sketch by hand. The calculator saves time and effort and allows you to go
deeper into mathematical concepts than you could in the past. The various functions on a
graphing calculator can also help you to analyze the graph in a way not possible with
traditional graphing techniques. For example, when graphing an equation such as y = 5x^ +
2x^, no longer do you have to spend time calculating the long list ofordered pairs that
give you points to sketch the curve. No longer do you have to use the tedious repeated
calculations of the Location Principle to find the zeros of the function. Instead, you can
^ Franklin Demana and BertK. Waits, “A Computer fori4// Students,” The Mathematics
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concentrate on the attributes of the graph itself-for what values ofx is y increasing?
Where does the graph reach a maximum point or does it have several maxima? Does the
graph intersect the x-axis? If so, how many times? and so on. It also opens the door to
solving previously unsolvable problems. It allows you to look at many new areas of
mathematics that until now were restricted at certain levels because of their difficulty.^*
Mathematical Achievement ofUrban Students in High School
Statistical Findings
According to national surveys ofmathematics achievement, from the age of 9,
African Americans and Hispanics do not perform as well as whites. Nick, Carpenter, and
Smith compared the performance ofAfrican Americans to national norms for the 1973
and 1978 NAEP mathematics assessments. Overall, 9-, 13-, and 17- year-olds scored an
average 38, 53, and 52%, respectively on the 1973 change items. (Change items were
those that were administered in both the 1973 and 1978 assessments to investigate the
change in student achievement across time of administration.). African Americans scored
41,39, and 41%, respectively while Hispanics scored 28,40, and 38%. In 1988, Dossey,
Mullis, Lindquist, and Chambers reported the 1978 and 1986 NAEP mathematics scores
using 500-point scales that had been developed by way of item response theory (IRT). “
As the pattern continued, in the 1986 NAEP, 9-, 13-, and 17-year-old Whites,
average proficiencies in mathematics were 226.9,273.6, and 307.5; for African
’’ “Graphing Calculators in the Mathematics Classroom,” Glenco Mathematics Series.
(MacMillan/McGraw andMcGraw-Hill, 1994.)
Walter G. Secada, “Race, Ethnicity, Social Class, Language, and Achievement in Mathematics,"
Handbook of Research on Mathematics Teaching and Learning. (New York, NY: MacMillan Publishing
Co., 1992).
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Americans, respective scores were 201.6,249.2, and 278.6; and for Hispanics, they were
205.4, 254.3, and 283.1 (p.l38). Therefore the overall picture of racial disparities in
mathematics achievement is that Whites perform much better in mathematics than do
Hispanics and Hispanics perform slightly better than African Americans.^’
While the overall student performance in mathematics is not good, the overall
Geometry picture is worse. Clements and Battista report that:
Only about halfof all high school students enroll in a geometry course. According
to the NAEP in mathematics, only 64% of the 17-year-old knew that a rectangle is a
parallelogram, only 16% could find the area of a region made up of two rectangles,
and just 9% could solve the problem “How many cubic feet of concrete would be
needed to pave an area 30 feet long and 20 feet wide with a layer 4 inches thick?”
Of 17 year olds that had a full year ofhigh school geometry, only 57% could
calculate the volume of a rectangular solid, 54% could find the hypotenuse of a
right triangle whose legs were multiples of 3 and 4, and 34% could find the area of
a right triangle.
Causes ofPoor Performance in Geometry and Mathematics
A likely cause ofpoor performance in geometry is the curriculum. This is due not
only to the topics taught but also to how they are taught. Porter and Thomas explain that
in elementary and middle school the focus is on recognizing and naming geometric
shapes, using the right symbols for simple geometric concepts, developing skills with
measurement and construction tools such as the compass and protractor, and using
geometric formulas. These curricula consist of a “hodgepodge ofunrelated concepts with
no systematic progression to higher level thought-levels requisite for sophisticated
concepts development and substantial geometric problem solving.”^®
37 Ibid.
“ Douglas H. Clements and Michael T. Battista, “Geometry and Spatial Reasoning," Handbook of
Research on Mathematics Teaching and Learning. fNew York, NY: MacMillan Publishing Co., 1992).
” Ibid, p 421.
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Also, there are teachers who do not teach even the inadequate geometry that is
available to them. When geometry is taught, it is often taught merely for “exposureIn
a survey, teachers rated the opportunity to learn geometry much lower than the
opportunity to leam any other topic. Usiskin gives a good summary of the status of
geometry:
There is no geometry curriculum at the elementary school level. As a result,
students enter high school not knowing enough geometry to succeed. There is a
geometry curriculum at the secondary level, but only about half of the students
encounter it, and only about a third of these students understand it (p.29).40
One of the major causes ofpoor performance in mathematics is the obsolete,
overall organization and objectives of the schools today. The National Council of
Teachers ofMathematics in its Curriculum and Evaluation Standards for School
Mathematics explains:
Schools, as now organized, are products of the industrial age. In most democratic
countries, common schools were created to provide most youth the training needed
to become workers in fields, factories, and shops. As a result of such schooling,
students also were expected to become literate enough to be informed voters. Thus,
minimum competencies in reading, writing, and arithmetic were expected of all
students, and more advanced academic training was reserved for the select few.
The educational system of the industrial age does not meet the economic needs of
today.1
Asa Hilliard (1990) indicates that the cause for poor performance in African
American students is a lack of faith. He explains that there was nothing wrong with our
babies when they were bom in Africa, nor when they are bora here. “They start out
ahead, that’s both physically and intellectually. Something happens to our children as a
Ibid. p422.
*' Working Groups of the Commission on Standards for School Mathematics of the National
Council of Teachers ofMathematics, “Introduction,” Curriculum and Evaluation Standards for School
Mathematics. (Reston. VA: NCTM 1989): 3.
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result of the treatment they receive in school. This is where the problem occurs. People
look at our children and don’t believe they can do anything. Then there’s differential
treatment; expulsions, suspensions, disproportionate treatment, disproportionate
placement in special education, tracking, poor counseling that wind up distorting the
development ofAfrican American children.
The problem in America, according to mathematician Shabazz is that the '^culture
and the history of the people of the so-called minorities are neglected, ignored and
belittled as primitive or non-existing. The consequences of this kind ofwriting and
teaching of the culture and history of formerly enslaved and colonized people is very low
self-esteem which leads to demoralized destructive behavior and low expectations.”^^
Willis reports that black sociologists, educators, and psychologists, have
presented evidence that the culture ofAfrican Americans is a distinct one that “socializes
Black children to survive in American society in a way that is (and must be) different
from the way that White children are socialized.” These researchers include Boykin &
Toms, McAdoo & McAdoo, and Nobles. In addition Hale-Benson and Hilliard state that
cognition and learning style, attitude, behavior, and personality are all affected by this
African American cultural influence.'*^
Willis gives four major assumptions underlying her research. They are: 1)
Asa Hilliard, “Population or People; Setting Up the World for Our Children," Speech at
Georgia State University, (1978).
Addulalim A Shabazz, “The Underrepresentation ofAfrican, Hispanic and Native Americans in
Science Technology, Engineering and Mathematics: What Can and Must Be Done,” The Banneker News.
(Summer 1994).
** Madge Gill Willis, “Learning Styles of African American Children: A Review of the Literature
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learning style is an important dimension to consider in a child’s school experience; 2)
culture affects cognition, attitude, behavior, and personality ; 3) African Americans are
strongly influenced by their African heritage and culture; and 4) the differences between
Black and White children’s cognitive functioning and learning styles are simply that-
differences-zxid not deficits.'*’
Nichols, in his “Cultural Foundations for Teaching Black Children” article,
stressed many of the above dimension through the context of axiology (values) and
epistemology (how they come to know knowledge). In his research, Nichols looks at
these philosophical constructs and examines the cultural implications for learning as
“Black children find themselves in what are essentially European settings in American
classrooms.” Nichols explains that the two cultural groups, Europeans and Africans, have
different “axiological referents; Man-to-the-Object and Man-to-Man.” The Europeans
emphasis on Man-Object requires more value to be placed on the Object or in obtaining
the Object such as land, work, time, and so on. In African axiology, the focus is on Man-
Man. The highest value lies in.the interpersonal relationship between people. Thus
Blacks have fought and even killed close fiiends and relatives because, “He called me a
...” Whatever he called him broke the relationship which has great value and life itself
then was of secondary or lesser value.'*’
In examining epistemology, Nichols explains that Afiicans and Europeans
and Interventions”, The Journal of Biack Psychology, Fall 1989. Vol. 16, No. 1. Pp. 47-65.
45 Ibid.
31
know knowledge differently. A&icans know through symbolic imagery and rhythm,
Europeans know through counting and measuring. He gives as an example, the tomb of
Rameses IX where there is a diagram of a pharaoh, lying along the hypotenuse of a right
triangle that is formed by the body of a snake.'*^
Europeans, on the other hand, count and measure by going from the parts to the
whole. Information is presented with the parts numbered in sequence such as A, B, C,
then a, b, c, and finally I, ii, iii. All these parts become the whole. African-American
children start with the whole and if necessary, they tvill focus on the parts. Thus, Nichols
concludes that it is important that teachers ofmathematics and other subjects permit Black
children to draw upon the epistemological framework they intuitively use—symbolic
imagery and rhythm-the approach that enables them to see the whole concept.^’
Hilliard made a continuum of behavioral styles that mvolved many of the
characteristics listed above. He made a similar comparison of schools as they are and
schools as they could be. He and Shade feel that the current situation ofmost schools is
similar to White students’ learning styles. Hilliard labeled this style atomistic-objective. It
is obtained by breaking down an experience into its parts or atoms, separating oneself
from the experience (similar to field independence), preferring regularity, environmental
control, and objectivity by placing little value on the meaning of an event. At the other
end of the continuum is the synthetic-personal style (similar to field dependence) that is
^ Peter Thomokins. Secrets of the Great Pyramids. (New York;Harper Colophon Books, 1978).
Edwin J. Nichols, “Cultural Foundation for Teaching Black Children,” Teaching Mathematics-
Volume 1: Culture. Motivation. History and Classroom Management (Washington, D.C.; Institute for
Independent Education, Inc., 1986), 1-7
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characteristic ofBiack learners. Persons located here seek to “synthesize or bring
together divergent experiences in order to obtmn the essence or gist of the experiences.
They prefer experimentation, improvisation, and harmonious interaction with others and
the environment.”^*
A large body of research has found that cooperative learning groups, where small
heterogeneous ability groups work together on learning tasks and activities, are
particularly effective for Black students. This could be due to the cooperative behavior
pattern that developed in America as a survival strategy where working together and
sharing were necessary for Blacks to succeed in a society with racial discrimination. Or it
could stem from African culture where communal life is the social norm. Or it could be a
combination of the two
Programs Using Graphing Calculators
Many projects and programs have been implemented that involve the graphing
calculator. One such program is the Interactive Mathematics Program (IMP). IMP
developed a problem-based secondary school curriculum that integrates traditional topics
from high school algebra, geometry, and trigonometry with topics from statistics, discrete
mathematics and other courses. Each unit which is from five to eight weeks long is
organized around a rich problem or theme. Calculators are used both to reduce time spent
on routine calculations and to enrich students’ understanding ofmore difficult ideas. The
IMP wanted technology that would be readily available to their students. Some schools
Madge Gill Willis, “Learning Styks ofAfrican American Children: A Review of the Literature




have computer laboratories; yet, students often found using computers on a regular basis
to be inconvenient and cumbersome. Therefore the project chose the graphing calculator
as its primary tool. Graphing calculators play an important role in the IMP curriculum, and
IMP students have them within arm’s reach during class at all times.
To help get an understanding of the use of the graphing calculator, look at the
following two examples:
The game ofpig. The central problem of this unit is to determine the best strategy
for a certain dice game. Students leam fundamental concepts of probability
through experiments with coins and dice. Graphing calculators allow them to
work with a greater variety of situations through the use of random-number
generator, and students are able to explore what happens in the long run by writing
simple calculator programs to carry out simulations.
Meadows or malls. This unit asks students to resolve a land-use dispute by
minimizing costs, subject to a variety of constraints. The problem involves six
variables and a system of twelve linear inequalities. Students see that graphical
methods, which had been developed in an earlier unit on two-variable linear
programming, are inapplicable, but they are able to create algebraic
generalizations of those methods that involve solving many systems of six linear
equations in sL\ unknowns. They develop the matrix-algebra concepts that are
needed to express the problem in matrix form and then use the calculator’s ability
to handle matrices to solve the problem.^
Two underlying principles for using the calculator are illustrated in these examples.
First, calculator use is always motivated by some larger problem and is an aid in
understanding an important idea or in carrying out a difficult process. Second, the
calculator is used to do things students understand such as finding the line ofBest Fit and
manipulating matrices.
A second program that utilizes the graphing calculator is the Systemic Initiative for
50 Albert A. Cuoco, E. Paul Goldenberg, and June Mark Editors, 'Technology and the
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Montana Mathematics and Science (SIMMS) which is a collaboration ofMontana and the
National Science Foundation. Funded through the Montana Council of Teachers of
Mathematics, SIMMS focuses on promoting the integration of science and mathematics
education; redesigning and publishing grades 9-12 mathematics curriculum and assessment
materials; and redesigning teacher-preparation and in-service programs to name three of
them. The SIMMS curriculum emphasizes problem solving, mathematical reasoning, real-
world applications, and the appropriate use of technology. To implement the curriculum,
each student will be provided a graphing calculator, at least one computer will be provided
for every four students, and an overhead projector, an overhead computer monitor, and
network-access capabilities including telephone line and modem will be provided for each
classroom.^*
Among other things, students will use graphing calculators to solve problems
visually and to make connections. For example, students explore families of functions,
find solutions to equations, find maximums and minimums, and perform simulations and
analyses of statistical experiments. And now, geometry used in exploring such areas as
fractals, recursive algorithms, trigonometry, conic sections, and other traditional
geometric topics; symbolic manipulators which allow students to explore such
relationships as roots ofpolynomials, factoring, and three-dimensional visualization which
formally required a computer, are now available on some super-graphing calculators.*^
A third project that extensively uses the graphing calculator is the University of





Chicago School Mathematics Project (UCSMP). UCSPS is the largest university-based
mathematics education project in the nation and encompasses curriculum reform at both
the elementary and secondary levels, teacher development, the identification and
implementation ofproved ideas and methods used in other countries, and the evaluation
of all project activities. The program is broad and comprehensive with an abundance of
applications in geometry, algebra discrete mathematics, statistics and probability,
emphasis on reading and problem solving, and the full use of technology. Scientific
calculators are required in all classes. Automatic graphers-either graphing calculators or
computer with function-graphing software-are assiuned to be available at all times in the
eleventh and twelfth grade courses. Such graphing software is strongly recommended for
all tenth grade courses.
In summary, the graphing calculator is a tool which enables learning through
conceptualizing. Therefore it supports the type of learning researched and recommended
by NCTM which de-emphasizes procedural learning. It is capable of in-depth
visualization, whole figures can be viewed and analyzed on the large screen, solutions can
be estimated using the ZOOM menu, and its portability allows extensive social
commimication through cooperative problem solving.
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Research Studies on the Graphing Calculator
According to Penelope H. Dunham and Thomas P. Dick, curriculum reformers at
both the high school and college levels have used technology as a “catalyst” for change.
The availability ofgraphing calculators has caused us to reexamine what and how we
teach mathematics. The multiple-representation approach to function (tabular, graphical,
symbolic) emphasized by the Curriculum and Evaluation Standards has appeared in many
publications. As a result, the assessment of student achievement is reflecting these
changes. For example, on the 1995 Advanced Placement calculus examination, the
College Board will require the use of a graphing calculator capable ofat least numeric
differentiation, numeric integration, and root finding. And while there is much concern
about the effect of the graphing calculator, most data will have to come from conference
proceedings and doctoral dissertations due to the graphing calculator’s newness. Several
studies ofPrecalculus students at both the secondary school and collegiate levels have
tried to compare overall achievement between experimental groups-for whom the
“treatment” is the use of computers or graphing calculators in instruction—and control
groups taught in a traditional way. The results have been encouraging, though sometimes
mixed.”
Ruthven, Quesada and Maxwell, and Harvey found significant differences in favor
of the experimental groups. Harvey analyzed data fi-om the 1988-89 field test of a
graphing-intensive curriculum, the Computer and Calculator in Precalculus Project
(C2PC). In this study, noteworthy because of its size, Harvey compared school mean
’Penelope H. Dunham and Thorny P. Dick, “Research on Graphing Calculators,” The
Mathematics Teacher. 87, No. 6, (September 1994): 443.
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scores on a “calculus readiness” (CR) test for fifty-five schools using both graphing
technology and the C2PC materials in Precalculus with the scores of twenty-two control
schools with traditional Precalculus courses. He found statistically significant differences
favoring the C2PC schools on the CR test. Those students receiving the calculator
instruction eventually attained calculus placement on the CR posttest at nearly twice the
rate of those receiving traditional instruction. Also the experimental groups received
different curriculum materials than the control groups. That is one of the advantages that
graphing calculator users are excited about-the vast amount of supplementary and
supporting material available to make calculator applications.^'*
And what effect do graphing calculators have on conceptual understanding? By
analyzing the specific content of assessment items and student’s responses, and by
examining students’ conceptual understanding through interviews, researchers can obtain
a more detailed picture of the effects of graphing calculator-based instruction on students’
learning.
A Dunham’s review of research reports that many students
who use graphing technology
• place at higher levels in a hierarchy ofgraphical understanding (Browning
1989);
• are better able to relate graphs to their equations (Rich 1991; Ruthven 1990);
• can better read and interpret graphical information (Boers-van Oosterum
1990);
• are better at “symbolizing,” that is, finding an algebraic representation for a
graph (Shoaf-Grubbs 1992; Rich 1991; Ruthven 1990);
”lbid., 444.
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• better understand global features of functions (Rich 1991; Beckman 1989);
• increase their “example base” for function by examining a greater variety of
representations (Wolfe 1990); and
• better understand connections among graphical, numerical, and algebraic
presentations (Beck-mann 1989; Browning 1989; Hart 1992).^*
A second study, conducted by T. P. Ottinger, is on the graphing calculator and
computer graphics software. Ninety-three first-year algebra students at a rural north
Georgia high school were divided into two groups-- 39 subjects were in the experimental
group and 54 subjects were in the control group. The study investigated the effect of
learning concepts prior to procedures on conceptual and procedural knowledge of algebra.
For 18 weeks the experimental group instruction emphasized concept development. The
subjects used scientific calculators, graphing calculators, or computer software for
computation, graphing, and symbol manipulation. This period was followed by 6 weeks of
traditional learning ofprocedural skills of first year algebra. The pretest and the posttest
included an Algebra Procedural Test (APT) and an Algebra Conceptual Test (ACT). In
this study, the researcher found that scores on the procedural pretest, the procedural
posttest, and the conceptual pretest were not significantly different. However, the
experimental group scored significantly higher on the conceptual posttest. Questionnaires
and interviews showed that the experimental group had a better, more relational
understanding ofvariables, functions, and equations and was better able to apply these
concepts.^* Therefore the results of this study suggest that if concepts are taught first
using graphing calculators and/or computer graphics software and then the procedures,
” Ibid.
^ Thomas Patrick Ottinger, “ Conceptual and Procedural Learning in First-Year Algebra Using
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more understanding and more higher level problem solving will take place than when the
procedures are taught prior to conceptual understanding ”
In a third study held in Utah during 1990 and 1991, seventy-three students used
the graphing calculator in advanced algebra during their first semester of study. One
hundred eighty-four of their peers studied the same course material without using
graphing calculators. At the end of the semester, there was a 19% increase in test score by
the group using the graphing calculators over the paper and pencil group (data provided
by Pam Giles, Brighton High School, Salt Lake City). Inspite of the fact the test was
observable in nature and used no statistical tests of significance, it showed that the value
of the calculator in classrooms seems to increase with new innovations.’*
A fourth study, which took place in Great Britain, is described by Kenneth
Ruthven whose experience with graphing calculators has been as a teacher ofupper-level
secondary school mathematics and as coordinator of the Graphic Calculators in
Mathematics development project. In this project six small groups of teachers worked
with classes ofhigh school students who had permanent access to the calculators
throughout their advanced mathematics course. Five of the groups in this study worked
Avith the Casio 6c-7000G model, and one used the Hewlett-Packard 28C. This study gave
evidence that the calculator not only is a tool used to solve problems but it supports
cognitive growth and change on the user. In the study, project students’ performance was
compared with that of similar students without access to graphing calculators (or
Graphing Calculators and Computers,” (Ph.D. diss., Abstract, Georgia State University, 1993).
Ibid.
** Ray Hembree and Donald J. Dessart, “Research on Calculators in Mathematics Education,”
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computer graplung). Near the end of the first year of their courses, students were tested
on the task of describing a given graph using symbolic terms. The result of the test
sho.wed the attainment of the project group was “substantially and significantly” higher
than that of the comparison group.*®
In particular, the performance of the project group was superior in two respects.
First, they were better at simply recognmng a graph as being a particular type, such as
quadratic or sine. Then, they were more successful in building up a precise symbolic
description of the graph by observing important information such as the position of
extreme values, zeroes, and asymptotes. While many members of the group used the
traditional approach in direct analysis of the graph, some used a trial-and-improve
approach. The trial-and-improve method was used more as student’s confidence in using
the calculator grew. These novel approaches often give students a means of solving a
problem that would otherwise be unsolvable. Such procedures must depend on the
judgement of the user for efficiency and success. As the user becomes more familiar with a
particular type ofmathematical situation, he will become more sophisticated in his
judgement. Thus calculator use does promote cognitive growth and change.^
The final study relates to one of the newest and most advanced graphing
calculators, Texas Instruments’ super calculator, the TI-92, which has capabilities very
similar to the Geometric Supposer by Schwartz & Yerushalmy and the Geometer’s
Calculators in Mathematics Education NCTM Yeaifaook. ‘92. (1992), 30.
Kenneth Ruthven, “Personal Technology and Classroom Change: A British Perspective,”
Calculators in Mathematics Education NCTM Yearbook. ‘92. tI9921. 91-97.
60 Ibid.
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Sketchpad computer software by Klotz. The authors of Cabri Geometry II software were
the joint authors and developers ofTI-92 Geometry with Texas Instrument. The
Geometric Supposer is a flexible tool to construct, label and measure a variety of
geometric figures. Little research has been done on the effect of the TI-92’s “Interactive
Geometry” capability. However, any research that has been completed on the Supposer
and Sketchpad would be applicable to the Interactive Geometry capability of the TI-92.
Hence, a study completed by Leah P. McCoy on “The Effect ofGeometry Tool Software
on High School Geometry Achievement” is included in this investigation. The abstract for
the study is as follows:
This study compared the geometry achievement ofa class which used the Geometric
Supposer periodically during one school year and a similar class which did not use the
software. Results revealed that the Supposer class had higher scores on Total, Higher
Level Problems, and Application Problems. There was no difference on Lower Level
Questions. This suggests that use of the Geometric Supposers promotes higher geometry
achievement, particularly on Higher Level and Application Problems.®*
The description of the actual study is as follows: The subjects were two high
school geometry classes at two parochial high schools. For the experimental group,
microcomputers and Supposer software were obtmned. Total mathematics percentile
scores were obtained fi-om school records for each student in order to measure initial
differences in students. At the end of the school year, both classes took the Houghton-
Mififlin Modem Geometry test. There are 48 multiple choice items on there. A total raw
score was obtained for each. The results were as follows: The treatment group scored
higher on all post measures. Therefore, the answer to the question which the study sought
Leah P. McCoy, “The Effect ofGeometry Tool Software on High School Geometry
Achievement,” Journal of Computers in Mathematics and Science Teaching. 10, No. 3, (Spring 1991).
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to answer, which was whether use of the Supposer resulted in higher geometry
achievement, is “yes.’"^^
While the graphing calculator is a relatively new development in mathematical
technology, its popularity and availability has caused great interest in its use and
capabilities. There are few published books on the effectiveness of these “hand-held
computers,” but the many findings fi'om programs and dissertations strongly suggest that
the graphing calculator increases mathematical achievement and enhances attitude toward
mathematics.
Sununarv
Some of the noteworthy conclusions made fi'om reviewing the literature were:
1. There is an overall, better understanding of functions and graphs when
graphing calculators are used.
2. If concepts are taught first using graphing calculators, and then the procedures,
more understanding and more higher-level problem solving will take place than
when the procedures are taught prior to conceptual understanding.
3. The graphing calculator empowers students by giving them the ability to use
thepower ofvisualization\ This causes a sense of confidence and willingness to
do mathematics and provides more enjoyment.
4. Graphing calculators support cognitive growth and change on the user.
5. The graphing calculator causes students to be more willing to engage in
problem solving and to and to work on a problem longer,
6. More nonroutine problems that are inaccessible by algebraic techniques are
62 Ibid. 52-56.
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7. Graphing calculators can cause changes in students’ and teachers’ classroom
roles, which would result in more interactive and exploratory learning
environments.




This study makes use of the pretest-posttest control group design with both an
experimental group and control group of equal size. The subjects (n = 60) were African
American high school students randomly assigned to each of the two groups. The
Graphing Calculator Instructional Method was used with the experimental group. The
Non-Graphing Calculator Instructional Method was used with the control group.
The statistical procedures used were the F-Test and ANOVA. This investigation
has a true experimental design since the subjects were members of randomly-selected
geometry classes. The Prentice Hall Geometry Achievement Test (GAT) was used as a
pretest and posttest to measure change due to treatment. AMathematics Attitude
Inventory, developed by the Minnesota Research and Evaluation Center, was used as a
pretest and posttest to measure change in academic attitude towards Geometry as
reflected by the change in anxiety and enjoyment. Anxiety and enjoyment are two of the
scales on the Mathematics Attitude Inventory.
Subjects and Procedures
The subjects for this study were students randomly enrolled in two first semester
Plane Geometry classes at an urban Atlanta High School. The school is predominantly
Black (99.8%) with an approximate enrollment of 1300. Most of the standardized test
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scores of this school are in the upper 50th percentile. In recent years, at least 90% of the
seniors passed the High School Graduation Test and approximately 75% of the total
student body attend a four-year college.
Both the control and the experimental class were taught by the researcher. The
students were assigned the same textbook. Basic course requirements, objectives, and
course content were the same. Both classes were required to complete homework,
quizzes and tests and special projects. The difference between the two groups was the
instructional strategies that the researcher followed for each class. The control class was
exposed to the traditional geometry instructional strategies or the Non-Graphing
Calculator Instructional Method. The experimental class was continuously exposed to
the Graphing Calculator Instructional Method.
Research Design
The Pretest-Posttest Control Group Design** by Campbell and Stanley was used
in this study and is illustrated in the model below:
R 01 X 02
R 03 04
An explanation of the variables In the design is as follows: The R represents
random assignment to a group. An 0 stands for a procedure of observation or
measurement. An X indicates the exposure to an experimental variable whose effects
D. T. Campbell and J. C. Stanley, E.xperimental and Ouasi-Exoerimental besiens for
Research (Chicago: Rand McNally, 1963), 13-14.
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were measured. In this study, 01 and 02 respectfully represent the pretests and post-tests.
The exposure of the experimental group to the treatment—the graphing calculators with
related instructional strategies— is represented by X. The performances of the two groups
on the pretest and posttest were used to examine the effects of the two types of
instruction.
The statistical procedure used was the F-Test and MANOVA. This investigation
has a true experimental design because the subjects were randomly selected.*^
Instruments
To observe differences in the two groups and to measure change due*to the
treatment, a pretest and posttest obtained from the Prentice Hall Geometry Series was
administered at the beginning and at the end of the study. The Prentice Hall Geometry
Series is the textbook series adopted for all Geometry 433221 classes in the system. Each
group was allowed to use a scientific calculator on the pretest and posttest, but neither
group was allowed to use a graphing calculator. AMathematics Attitude Inventory,
which was developed for the Minnesota Research and Evaluation Center, was given
before and after the study to measure academic attitude change. In order to measure and
compare higher level thinking skills, two subtest raw scores were obtmned: (1) Lower
level: knowledge and comprehension (conceptual); and (2) Application (procedural).
Treatment
Graphing calculators were provided for classroom use for each student in the
^ Elazar Pedhazur and Liora Schmekin, Measurement. Design, and Analysis: An Integrated
Approacfa. (New Jersey: Lawrence Erlbaum Associates, 1991), 277-279.
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experimental group. The TI-82 graphing calculator was used for coordinate geometry; the
TI-92 graphing calculator was used for constructions and transformational geometry.
The instructional period took place during the first semester of the 1996-97 school year
and lasted approximately 12 weeks. Time prior to the study was used to teach the
experimental group how to use the calculators. The experimental group and the control
group practiced the same skills and studied the same concepts. The instructional
strategies were different however with the experimental group being exposed to the
Graphing Calculator Instructional Method while the control group was exposed to the
Non-Graphing Calculator Instructional Method
The Graphing Calculator Instructional Method
The Graphing Calculator Instmctional Method is characterized by stressing
conceptual knowledge first through the use of the graphing calculator’s “power of
visualization” and procedural knowledge second. All students were expected to solve high
level problem solving with the assistance of the graphing calculator. The method used
cooperative learning activities fi'equently and included the use of interactive lectures. Most
of the chalkboard and overhead projector activities were replaced by activities that used
the calculator’s Overhead Viewscreen. The basic geometry tools were not the compass,
protractor, and the straightedge, but the graphing calculator. Each student in the group
used a TI-83 or a TI-92 graphing calculator which was on loan from Texas Instrument, s.
The lessons in this class frequently began with an investigation in cooperative
learning groups. Students used the interactive geometry capability of the TI-92, for a
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simplified example, to draw and measure the angles ofnumerous triangles. The sums of
the angles of20 triangles and their average were obtained in approximately 10 minutes
and a conjecture concerning the sum of the angles in a triangle was made. A conjecture
was eventually followed by using postulates, theorems, and definitions to prove the
conjecture in a two-column proof Throughout the study, students built constructions
interactively using points, lines, triangles, circles, arcs, and other basic geometric shapes.
Transformational concepts were learned as students used the TI-92 to reflect, translate,
rotate numerous figures. Graphs ofequations of lines were analyzed and conjectures made
concerning slopes, equation forms, and other coordinate geometry concepts.
The Non-Graphing Calculator Instructional Method
The Non-Graphing Calculator Instructional Method included the same course
content without the use of the graphing calculator with its visualization capability.
Cooperative learning problem solving activities, interactive lectures, chalkboard and
overhead projector demonstrations by students and teachers, and the basic construction
tools~the protractor, compass, and straightedge were frequently used. Students were
allowed to use scientific calculators but not graphing calculators.
In general, a lesson began with a hands-on laboratory experiment in cooperative
learning groups. One such simplified experiment was to determine the sum of the
measures of the angles in a triangle. Group members used their geometry tools to draw
various triangles-right, obtuse, acute, isosceles, etc. They then used their compass to
measure the angles in the triangles. The average of the sum ofeach group members’
49
angles in their triangle (about 4 triangles) led to the conjecture that the sum of the angles
in a triangle is 180 degrees. This process usually took about 30 minutes. Later conjecture
were proven formally using postulates and theorems in a two-column proof
Data Collection and Analysis
To measure initial differences in the control and the experimental groups, and to
measure change due to the treatment, a textbook achievement pretest and posttest
obtained from the Prentice Hall Geometry Series was administered to both groups at the
beginning and at the end of the study. This achievement test contains the Conceptual and
Procedural Achievement Subtests. The Prentice Hall Geometry Series is the textbook
series adopted for all Geometry 43321 classes.
To measure academic attitude change in the control and the experimental groups, a
pre and post Mathematics Attitude Inventoiy was given. This instrument was used to
measure the attitude scales ofanxiety and enjoyment.
The F-test and ANOVA (Analysis ofVariance) were used to analyze between
subjects effects and within subject effects ofpretest and posttest results of the control and
treatment groups. The F-test and ANOVA were also used to examine the pre and post
results of the Mathematics Attitude Inventory. The F-Test was selected for this study
because this study has multiple dependent variables and involved repeated ANOVAs.
Since the subjects were selected randomly from a population without any pairing
or other relationship between the two groups, they were independent groups.
The hypotheses listed below was tested at the .05 alpha level to compare the
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effectiveness of the Graphing Calculator Instructional Method with the effectiveness of the
Non-Graphing Calculator Instructional Method on student achievement and attitude
change in geometry.
Hypotheses
1. There is no significant difference between the mathematical achievement scores of
African American students enrolled in a secondary school geometry class taught
using the Graphing Calculator Instruction Method and African American students
enrolled in a secondary school geometry class taught using the Non-Graphing
Calculator Instructional Method.
2. There is no significant difference in the achievement scores on conceptual
knowledge of selected Geometry topics ofAfrican American students taught using
the graphing Calculator Instructional Method and African American students
taught using the Non-Graphing Calculator Instructional Method.
3. There is no significant difference in the achievement scores on procedural
knowledge of selected geometry topics ofAfrican American students taught using
the Graphing Calculator Instructional Method and Afiican American students
taught using the Non-Graphing Calculator Instructional Method.
4. There is no significant difference between the mathematical attitude ofAfrican
American students enrolled in a geometry class taught using the Graphing
calculator Instructional Method and African American students enrolled in a
geometry class taught using the Non-Graphing Calculator Instructional Method.
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Summary
The statistical procedures for this study were the F-Test and ANOVA. This
investigation used a true experimental, quantitative, pretest - posttest control group
design. The Prentice Hall Geometry Achievement Test (GAT) was used to measure
change as a result ofusing graphing calculators. AMathematics Attitude Inventory was
used to measure change in enjoyment and anxiety.
CHAPTER 4
PRESENTATION AND ANALYSIS OF DATA
The purpose of this study was to explore the effects of the Graphing Calculator
Instructional Method on the attainment of selected geometry concepts and skills and on
attitude change ofhigh school students in an urban community. The research problem was
to determine if the use ofgraphing calculators effect an increase in the geometry
performance and attitude ofAfrican American high school students? This chapter
presents the results of the data analysis. It is divided into four parts which relate to four
null hypotheses, related questions, and analyses.
Null Hypothesis 1 and Its Analysis
Ho:l There is no significant difference between the GAT (Geometry Achievement
Test) posttest scores ofAfrican American students enrolled in a secondary school
geometry class taught using the Graphing Calculator Instructional Method and the GAT
posttest scores ofAfrican American students enrolled in a secondary school geometry
class taught using the Non-Graphing Calculator Instructional Method.
Hypothesis 1 was tested to determine if any gains in achievement might exist
between the two groups involved in the study by using the scores from the GAT posttests.
Using the F-test statistic, the mean scores for the two groups were computed and results
recorded in Table 1. The F-Test was then used to determine if the difference
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between the mean scores of the treatment group and the control group was statistically
significant. As displayed on Table 1, the F-test yielded a ratio of 8.8 which is greater than
I and a calculated p-value of .004 which is less than the critical value of .05 (df= 1).
Thus the difference in the treatment group and the control group is statistically
significant and the null hypothesis is rejected. (See Table 1)
TABLE 1 F- Test Results for Geometry Achievement Test (GAT)
p > .05
Unique Method^ Unique Method
df
Mean
Square F Sig. B
Post-Achievemefit Covariates 1 14.456 • 3.611 .062 .324
Main Effects 1 35.267 8.809 .004
Model 2 24.861 6.210 .004
Residual 57 4.004
Total 59 4.711
Discussion ofFindings Related to Question 1
Does the use of the Graphing Calculator Instructional Method increase the
overall mathematical achievement ofAfrican American students enrolled in a secondary
school geometry class?
As reported on Table 2, the mean pretest scores for the treatment and control
groups (3.80 and 3.80) were the same. On the post test, the treatment group showed
more growth (8.4) than the control group (6.87). A gain of2.87 points was observed
for the control group, and ag^ of4.6 points for the treatment group. The computed
difference between the treatment group’s pre/post test performance implies that the
Graphing Calculator Instructional Method contributed to the increase in overall
mathematical achievement of students enrolled in high school geometry.
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TABLE 2 Means in Achievement Scores on the Geometry Achievement Test
p > .05
GROUP Pre-Achievement Post-Achievement













Null Hypothesis 2 and Its Analysis
Ho2: There is no significant difference in the post test scores on conceptual
knowledge of selected Geometry topics ofAfrican American students taught using the
Graphing Calculator Instructional Method and the Afiican American students taught
using the Non-Graphing Calculator Instructional Method.
The F-test was used to determine if the difference between the mean scores on
the conceptual knowledge section of the GAT posttests was statistically significant. F
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was determined to be 5.389 which was greater than 1. P was computed to be .026 (df=
1) which is less than the .05 level of confidence. Therefore the null hypothesis was
rejected. (See Table 3)
TABLE 3 F-Test Results for Conceptual
Achievement Subtest of the Control and Treatment Groups
p > .05
Unique Method Unique Method
Mean




1 16.107 8.289 .006 .472
Main Effects 1
, 10.471 5.389 .024
Model , 2 14.587 7.507 .001
Residual i 57 1.943
Total 59 2.372
Discussion ofFindings Related to Question 2
Does the use of the Graphing Calculator Instructional Method increase the
achievement of conceptual knowledge of selected Geometry topics ofAfrican American
students enrolled in a secondary school geometry class?
Table 4 below shows the mean pretest scores of the treatment group and the
control groups to be 2.23 and 2.03 respectively. On the post test, the treatment group
showed more growth (4.1) than the control group (3.17). A gain of 1.14 points was
observed for the control group, and a gain of 1.87 points for the treatment group. These
results suggest that the Graphing Calculator Instructional Method caused more growth
in conceptual knowledge in the treatment group.
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TABLE 4 Means for the Pre and Post Achievement Subtest on Conceptual Knowledge
of the Control and Treatment Groups
Pre Post
GROUP Conceptual Conceptual












Null Hypothesis 3 and Its Analysis
Ho; 3 There is no significant difference in the achievement posttest scores on
procedural knowledge of selected Geometry topics ofAfiican American students taught
using the Graphing Calculator Instructional Method and Afiican American students
taught using the Non-Graphing Calculator Instructional Method.
According to the F-test, the observed difference in the mean posttest scores for
the treatment group was statistically significant. F was determined to be 4.649 which is
greater than 1 and the calculated p = .035 is less than .05 (df= 1). The null hypothesis is
therefore rejected.
TABLE 5 F-Test Results for Procedural





df Square . F Sig. B
Post Covariates
Procedural
1 16.152 10.179 .002 .524
Main Effects 1 7.377 4.649 .035
Model 2 10.776 6.791 .002
Residual 57 1.587
Total 59 1.898
Discussion ofFindings Related to Question 3
Does the use of the Graphing Calculator Instructional Method increase the
achievement of procedural knowledge of selected Geometry topics of African Americans
enrolled in a secondary geometry class?
As reported in Table 6 below, the mean pretest scores for the treatment and
control groups were 1.57 and 1.77 respectively. On the post test, the treatment group
showed more growth (2.73) than the control group (1.93). These scores yield a gain of
1.93 points for the control group and a larger gain of2.73 for the treatment group.
These results imply that the Graphing Calculator Instructional Method causes more
growth in procedural knowledge than the Non-Graphing Calculator Method.
See Table 6 on Next Page
Table 6 Means in Post Achievement Subtest Scores on Procedural
































Null Hypothesis 4 and Its Analysis
Ho: 4 There is no significant difference between the mathematical attitude of
Afncan American students enrolled in a secondary school geometry class taught using
the Graphing Calculator Instruction Method and Afncan American students enrolled in a
secondary school geometry class taught using the Non-Graphing Calculator Instruction
Method.
The Mathematics Attitude Inventory of the Minnesota Research and Evaluation
Center consists of 6 attitude scales. Two of them, anxiety and enjoyment, were used in
this study. The F test was used to determine if the difference in the mathematics attitude
of the treatment group and the control group was statistically significant. According to
tables 7 and 8, F was found to be 2.309 for the anxiety scale and 3.2 for the enjoyment
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scale. Calculated values for both scales are greater than I. However, the calculated p
values of .134 for anxiety and 079 were not less than the .05 critical level of
significance; therefore the null hypothesis was not rejected for neither enjoyment nor
anxiety.
TABLE 7 F-Test Results for the Anxiety Scale of the








1 9.683 .659 ;420 -.107
Main Effects 1 33.914 2.309 .134
Model 2 24.850 1.692 .193
Residual 57 14.689
Total 59 15.034
TABLE 8 F-Test Results for the Enjoyment Scale of the








1 9.470 .672 ' .416 .107
Main Effects 1 45.074 3.200 .079
Model 2 23.935 1.699 .192
Residual 57 14.085
Total 1 59 14.419
Discussion ofFindings Related to Question 4
Does the use of the Graphing Calculator Instructional Method enhance the
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mathematical attitude ofAfrican American students enrolled in a secondary school
geometry class?
Table 9 below gives the means of the post scores of the Mathematics Attitude
Inventory of the control and treatment group and yields interaction between the groups—
the scores from the pre and post inventories went in opposite directions. The control
group went down in enjoyment from a pre inventory mean of20.9 to a post inventory
mean of 19.77. The treatment group went up in enjoyment—from a pre inventory mean
of 19.27 to a post inventory mean of21.37. See Profile Plots in the Appendix B.
There was also interaction between the two groups concerning anxiety. The
control group went up in anxiety-from a pre inventory mean score of 10.80 to a post
inventory mean score of 12.13. The treatment group went down in anxiety—from a pre
inventory mean score of 11.87 to a post mean score of 10.50. While the mean
differences in anxiety scores and enjoyment scores are not statistically significant, both
the anxiety and the enjoyment post test data of the treatment group show increases in the
right direction. The treatment group experienced less anxiety and more enjoyment while
the control group experienced more anxiety and less enjoyment. These interactions
suggest that the Graphing Calculator Instructional Method affected the attitudes of the
students in the treatment group in a positive way.
Table 9 Means for the Pre and Post Mathematics Attitude Inventory











Control Mean 10.80 12113 20.90 19.77
N 30 30 30 30
Std.
Deviation
3.01 4.08 4.05 4.09
Treatment Mean 11.07 la.so 19.27 21.37
N 30 30 30 30
Std.
Deviation 4.46 3.54 3.47 3.36
Total Mean 11.33 11.32 20.08 20.57
N 60 60 60 60
Std.
Deviation ^ 3.81 3.08 3.03 3.80
Summary
In this chapter, findings related to the hypotheses and questions were presented
and discussed. Findings were discussed relative to hypothesis 1 to determine how the
treatment affected the achievement levels of high school students in a geometry class.
The null hypothesis was rejected. The results of the analysis showed that students did
experience significant gains in mean scores as a result of the treatment.
Hypotheses 2 and 3 of this study further addressed what affect the treatment
might have on conceptual and procedural learning of selected geometry topics. There
wxs significant difference in the mean scores for the post achievement subtests on
conceptual and procedural knowledge. Therefore null hypotheses 2 and 3 were rejected.
The final hypothesis, hypothesis 4, addressed what affect the treatment might
have on students’ attitudes toward mathematics. The two areas ofattitude that were
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measured were anxiety and enjoyment. There was interaction for both scales. The
interaction yielded positive results for the treatment group and negative results for the
control group. However, the differences between the post mean scores of the
Mathematics Attitude Inventory were not statistically significant. Therefore hypothesis 4
was not rejected.
CHAPTERS
SUMMARY. CONCLUSIONS. AND RECOMMENDATIONS
This chapter provides a summary of the study, its major findings, and
conclusions, and presents the discussion, implications, and recommendations. The
purpose of this study was to explore the effects of the Graphing Calculator Instructional
Method on the attainment of selected geometry concepts and skills and on attitude
change of high school students in an urban community. Sixty students participated in the
study which lasted twelve weeks during the fall of 1996. Two intact geometry classes
were elected for the study with one class assigned as the treatment group and the other
class the control group. Both groups were taught by the researcher and received the
same content, except the treatment group was taught using the Graphing Calculator
T*
Instructional Method while the control group used traditional methods. The treatment
group used graphing calculators to learn skills and concepts relating to constructions,
transformation and coordinate geometry. The control group used compasses,
protractors and other traditional materials to learn the same skills and concepts.
The experimental research method, using pretest-posttest control group design,
was used. The instruments used were the Geometry Achievement Test for assessment of
over-all achievement as well as conceptual and procedural achievement and the
Mathematics Attitude Inventory for assessment of attitudes toward mathematics.
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Summary ofResearch Literature
The research literature centered around the following four topics: Graphing
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Calculators, Mathematics Achievement ofAfrican American High School Students,
Programs Using Graphing Calculators, and Graphing Calculators andMathematics
Achievement Studies.
Some of the noteworthy conclusions were:
1. Calculators save time and effort and allow you to go deeper into
mathematical concepts than you could in the past. The graphing calculator is
a tool which enables learning through conceptualizing. Therefore it supports
the type of learning researched and recommended by NCTM which de-
emphasizes procedural learning
2. The graphing calculator is capable of in-depth visualization. Whole figures
can be viewed and analyzed on the large screen and solutions can be
estimated using the ZOOM menu. Its portability allows extensive social
communication through cooperative problem solving.
3. Statistics show that American students score lower on mathematics tests than
students fi'om many other countries. They further show that African
American students, who often live in urban communities, have less success in
mathematics, drop out ofmathematics courses at a higher rate, and are less
represented in mathematics related careers than the average American.
4. A conclusion of the “concept versus procedure” argument was that if
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concepts are taught first using graphing calculators, and then the procedures,
more understanding and more higher level problem solving will take place
than when the procedures are taught prior to conceptual understanding.
5. Learning style is an important dimension to consider in a child’s school
experience. The second is that culture affects cognition, attitude, behavior,
and personality. The graphing calculator accommodates the learning styles of
Afncan Americans which includes a tendency to:
• respond to things in terms of the whole instead of isolated parts;
• focus unpeople rather than things; choose social over nonsocial cues;
• approximate space and numbers rather than adhere to exactness or
accuracy;
• prefer learning characterized by variation and freedom ofmovement.
6. The graphing calculator empowers students by giving them the ability to use
thepower ofvisualization ! This causes a sense of confidence and willingness
to do mathematics and provides more enjoyment.
Summary ofFindings
Four null hypotheses were formulated and tested using the F - test. Gain scores
from the Geometry Achievement Test and the Mathematics Attitude Inventory were
compared. This study found that there were significant differences in the Geometry
Achievement Test scores and the Conceptual and Procedural Subtest scores. However,
no significant difference was observed in the scores obtained fi-om the Mathematics
Attitude Inventory, although the treatment group experienced less anxiety and more
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enjoyment than the control group.
The findings relative to the four null hypotheses are summarized below;
Hypothesis 1: Achievement-Rejected (F = 8.8, df= 1, p = .004)
Hypothesis 2: Conceptual—Rejected (F = 5.389, df= 1, p = .024)
Hypothesis 3: Procedural-Rejected (F = 4.649, df= 1, p =.035)
Hypothesis 4: Attitude: Anxiety - Not Rejected ( F = 2.309. df= 1, p = . 134)
Attitude: Enjoyment - Not Rejected (F = 3.2, df= 1, p = .079)
The four questions below were central to the study and formed the basis for this
research;
1. Does the use of the Graphing Calculator Instructional Method increase the
overall mathematical achievement ofAfrican American students enrolled in a
secondary school geometry class?
2. Does the use of the Graphing Calculator Instructional Method increase the
achievement ofconceptual knowledge of selected geometry topics ofAfiican
American students enrolled in a secondary school geometry class?
3. Does the use of the Graphing Calculator Instructional Method increase the
acWevement ofprocedural knowledge of selected geometry topics ofAfiican
Americans enrolled in a secondary school geometry class?
4. Does the use of the Graphing Calculator Instructional Method enhance the
mathematical attitude ofAfiican American students enrolled in a secondary
school geometry class?
The answers to the four questions were addressed through Hypotheses 1 through
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4 of the study. Findings were discussed relative to Hypothesis 1 to determine how the
treatment affected the achievement levels of high school students in a geometry class.
The null hypothesis was rejected. The results of the analysis showed that students did
experience significant gains in mean scores as a result of the Graphing Calculator
Instructional Method.
Hypotheses 2 and 3 of this study further addressed what affect the treatment-
might have on conceptual and procedural learning of selected geometry topics. There
were significant differences in the mean gains for both the conceptual and procedure
subtests. The null hypotheses for hypothesis 2 and hypothesis 3 were therefore rejected.
The final hypothesis, hypothesis 4, addressed what affect the treatment might
have on student’s attitude towards mathematics. The two areas ofattitude that were
measured were anxiety and enjoyment. There was interaction for both scales. Although
there was no significant difference in the mean gains for either anxiety nor enjoyment
post inventory scores, there were changes made and they were in the right direction.
Conclusions
The conclusions based on the findings of this study are noted below.
1. For this group ofAfrican American high school students the use of the Graphing
Calculator Instructional Method was more effective than traditional instruction in
developing geometry skills. The Graphing Calculator Instructional Method was
effective in increasing overall geometry achievement levels.
There was significant difference between the mean scores of the post conceptual2.
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tests of the treatment and control groups. Therefore it was concluded that the
Graphing Calculator Instructional Method was more effective than the Non-
Graphing CalculatorMethod in causing growth in conceptual geometry
achievement.
3. There was significant difference between the mean scores of the post procedural
tests of the treatment and control groups. Therefore it was concluded that the
Graphing Calculator Instructional Method was more effective than traditional
instruction in developing procedural geometry skills and in raising procedural
geometry achievement levels.
4. For this group of students, there was no significant difference between the
mathematical attitude of the students who were taught using the Graphing
Calculator Instructional Method and the group taught using the Non-Graphing
Calculator Method. The Attitude Inventory was divided into two scales-anxiety
and enjoyment-which were measured separately. While neither inventory scale
yielded significant differences, the Graphing Calculator Instructional Method
produced changes in attitudes in the right directions. For this treatment group, it
caused more enjoyment and less anxiety in studying geometry.
Implications and Discussions
This study implies that using the Graphing Calculator Instructional Method to
teach geometry concepts and skills is effective in increasing achievement levels among
urban students. This finding is in agreement with Bruner, Dewey, Thorndike, Gardner,
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and Nolan on how students leam mathematics. Their discussions center around the
relationship between conceptual knowledge (understanding) and procedural knowledge
(skills) and when each should take place. Conceptual knowledge is knowledge rich in
relationships. Procedural knowledge is defined as a sequence of actions such as in
computational algorithms. As far as the relationship between them is concerned, both
kinds of knowledge are required formathematical expertise. Procedures, however,
depend upon principles represented conceptually.^
According to Bruner, Dewey, Thorndike, Gardner, and Nolan, understanding,
the first^tep to learning, has an external component called communication. They reason
that there is a direct relationship between the number ofexternal communication
representations and internal connections relating to understanding. Thus the greater the
variety and quantity of stimuli in the external representation, the greater the network of
internal connections and understanding. External representations take the form of
“spoken language, written symbols, pictures, or physical objects.” They further suggest
that it is very important to build rich networks ofunderstanding when a topic is first
introduced. Therefore emphasis should be placed initially on supporting students’ effort
to build relationships rather than encouraging them to become proficient executors of
procedures.®^
This revelation ofhow students leam mathematics gives profound implications
“ Learning and Teaching with Understanding,” Handbook ofResearch on Mathematics
Teaching and Learning. (New York, NY: Macmillan Publishing Co., 1992).
Ibid., 66
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for the findings of this particular study. The graphing calculator, with its “power of
visualization” provides many external representations through spoken language during
cooperative learning and group problem solving, and through the multiple
representations of functions-symbolic, graphical, and numerical. Because the students
saw many pictxxres of reflections, translations, and rotations and performed many
symbolic manipulations via the graphing calculator, there was a great deal ofvariety
and quantity ofexternal stimuli. This probably caused greater understanding and more
learning, to take place.
Another implication this study makesUs that learning is influenced by culture
and learning styles and that the graphing calculator is equipped to address the culture
and learning styles ofAfrican American students. According to Madge Gill Willis-a
noted Black Psychologist who reported on a list of learning styles devised by J. Irvine
and D. York- learning style is an important dimension to consider in a child’s school
experiences.**
Culture affects cognition, attitude, behavior, and personality, African
Americans are strongly influenced by theirAfrican heritage and culture. The graphing
calculator, with its ability to display whole functions and graphs, to support cooperative
learning and problem solving, to focus on approximation rather than exactness, and to
encourage variation and freedom ofmovement with its portable capability,
accommodates the learning styles ofAfrican Americans.
Madge GillWillis, "Learning Styles ofAfrican American Children: A Review of the
Literature and Interventions," The Journal ofBlack Psychology. 16, No. 1: (Fall 1989) 47-65.
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While no significant difference was revealed, data from the study shows that
students in the treatment group experienced more enjoyment in studying geometry than
the control group. In addition, during the experiment, the treatment group solved more
difficult problems with the aid of the graphing calculator. The confidence gained from
this experience enabled them to solve more difficult problems without the calculator as
shown on the posttest. Problem solving as recommended by NCTM often does not
require exact answers but approximations and the graphing calculators encouraged such
answers. There was much variation and freedom as students were able to move from
different-group modes-from cooperative to individual or to whole class, for examples,
and carry their portable graphing calculators with them. This sensitivity to the learning
styles of the treatment group could have been responsible for the increase in
achievement and the improved attitudes toward learning geometry. Finally, while there
was not a significant difference in the anxiety levels experienced by the two groups, the
treatment group experienced less anxiety while the control group experienced more
anxiety from pretest to posttest.
Recommendations
1. Teachers should be given staff development training to master the Graphing
Calculator Instructional Method which requires an initial use of a variety of
external stimuli as opposed to focusing on mastery ofprocedures. Usually the
opposite of this practice takes place in the classroom. Yet, the study illustrates
that the Graphing Calculator Method yields greater understanding and learning.
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2. Since greater gains were achieved by students in geometry using the Graphing
Calculator Iiistructional Method, similar research should be conducted using the
graphing calculator in other mathematics courses such as algebra, statistics, and
calculus. The research on graphing calculators is limited; therefore, teachers, as
action researchers, could provide valuable information that could be added to the
knowledge base.
3. The National Council ofTeachers ofMathematics strongly recommends that
“scientific calculators with graphing capabilities be available to all students at all
time.” Study,outcomes support this recommendation for the study population.
However, few graphing calculators are available. Thus, plans should be made to
obtain more graphing calculators apd more textbooks that are graphing calculator
based to be placed in each school.
4. Post anxiety and enjoyment data indicate that the treatment group experienced a
decrease in anxiety and an increase in enjoyment while the control group experienced
an increase in anxiety and a decrease in enjoyment. These differences were not
statistically significant, however. This is possibly due to the small number of subjects
in each group (30). Thus it is recommended that the study be repeated with a larger
number of subjects in each group. It is highly probable that the trends which




The use of the graphing calculator was first directed towards secondary
mathematics students and their teachers. Although only a few workshops and
institutes were initially held for high school teachers, even fewer were held for
college professors. Thus many college professors, who are often slow to change
their proven methods of teaching, have failed to realize the revolution that is
taking place in mathematics brought on by the graphing calculator. Thus they
often limit or restrict the use of the graphing calculators in their classrooms.
Fortunately, as college professors become more familiar with the use and
benefits of the graphing calculator, their attitudes improve. Thus, it is
recommended that an increased effort towards educating the college community
on the use of the graphing calculator be launched.
6. The study illustrates that the graphing calculator, with its power ofvisualization,
can enable whole figures and graphs to be viewed and analyzed. It also shows
that solutions can be estimated using the ZOOM menu and extensive sharing
and communication is encouraged through its portable characteristic. Therefore
the graphing calculator is a tool that directly addresses the learning styles of
Afiican Americans and this knowledge should be used by mathematics teachers





SUMMARY TABLES OF RAW DATA
id group pre_*nx post_8nx pr8_«njo postenjo pre_conc
1 1 Control 12 12 13 17 2
2 2 Control 7 18 20 26 2
3 3 Control 10 20 13 20 2
4 4 Control 7 7 . 20 23 1
5 S Control 13 12 17 19 0
0 8 Control 11 19 22 18 3
7 7 Control 13 22 14 19 1
8 8 Control 10 11 23 22 3
9 9 Control 8 11 2S 19 4
10 10 Control 11 9 22 26 1
11 11 Control 7 12 20 21 2
12 12 Control 8 9 22 2S 2
13 13 Control 8 12 27 17 1
14 14 Control 11 12 23 17 3
IS 15 Control 20 11 18 19 1
16 16 Control 12 16 '18 9 3
17 17 Control 10 9 22 3
18 18 Control 9 9 24 21 3
19 19 Control 8 18 21 16 1
20 20 Control 13 14 24 16 3
21 21 Control 18 7 IS 16 4
22 22 Control 11 7 23 23 1
23 23 Control 11 7 26 23 2
24 24 Control 9 10 23 24 0
2S 2S Control 9 10 27 20 • 2
26 26 Control 12 10 19 22 4
27 27 Control 12 10 19 17 2
28 28 Control 14 10 22 22 3
29 29 Control 12 18 17 10 1
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posrcnc concdiff pre_proc postproc procdiff prea h post ach_dift
1 2 0 3 4 1 5 6 1
2 3 1 1 2 1 3 5 2
3 4 2 1 4 3 3 8 5
4 4 3 2 4 2 3 8 5
5 1 1 1 3 2 1 4 3
6 3 0 1 3 2 4 6 2
r 2 1 1 5 4 2 7 5
8 3 0 3 4 1 6 7 1
9 7 3 0 3 3 4 10 6
10 4 3 1 5 4 2 9 7
11 3 1 3 3 0 5 6 1
12 1 •1 2 4 2 4 '5 1
13 1 0 1 4 - 3 2 5 3
14 7 4 4 5 1 7 12 5
15 4 3 0 2 2 1 6 5
16 3 0 2 3 1 5 6 1
17 4 1 2 4 2 5 8 3
18 5 2 1 3 2 4 8 4
19 2 1 3 3 0 4 5 1
20 5 2 • 1 4 3 4 9 5
21 1 -3 4 4 0
■ '
8 5 -3
22 2 1 2 3 1 3 5 2
23 2 0 1 4 3 3 6 3
24 2 2 2 4 2 2 6 4
25 4 2 2 5 3 4 9 5
26 7 3 1 2 1 5 9 4
27 2 0 2 4 2 4 6 2
28 2 •1 2 6 4 5 8 3
29 3 2 1 4 3 2 7 5
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id group pfe_anx post_anx pfe_enjo postenjo pre^conc
30 30 Control 8 14 28 24 1
31 1 Treatment 12 6 19 26 4
32 2 Treatment 8 6 17 24 2
33 3 Treatment 6 9 13 21 2
34 4 Treatment 10 •6 . 21 16 3
35 5 Treatment 12 IS 17 19 2
36 6 Treatment 17 10 13 27 3
37 7 Treatment 10 14 26 19 4
38 8 Treatment 16 11 18 21 5
39 9 Treatment 12 12 27 21 1
40 10 Treatment 19 8 20 20 2
41 11 Treatment 8 7 22 25 2
42 12 Treatment 6 20 19 20 2
43 13 Treatment 11 11 22 24 2
44 14 Treatment 10 8 21 22 2
45 15 Treatment 20 13 19 13 2
46 16 Treatment 7 19 22 15 1
47 17 Treatment 12 12 20 25 2
46 18 Treatment 7 11 20 23 2
49 19 Treatment 12 12 18 19 0
50 20 Treatment 18 11 18 25 2
51 21 Treatment 14 11 18 25 0
52 22 Treatment 15 7 IS 23 3
53 23 Treatment 8 10 24 18 3
54 24 Treatment 14 11 20 25 2
55 25 Treatment 19 6 14 22 2
56 26 Treatment 7 9 19 23 3
57 27 Treatment 6 6 24 20 2
58 26 Treatment 14 12 19 21 2
59 29 Treatment 19 9 14 18 •1
60 30 Treatment 7 13 19 21 4
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postcnc concdiff pre_proc postproc procdiff pre_ach posl_ach ach_diff
30 2 1 3 3 0 4 5 1
31 5 1 0 2 2 4 7 3
32 3 1 2 4 2 4 7 3
33 5 3 2 4 2 4 9 1 5
34 3 0 4 6 • • 2 7 9 2
35 5 3 1 3 2 3 8 5
36 6 3 1 7 6 4 13 9
37 4 0 2 4 2 6 8 2
38 4 -1 1 2 . 1 6 6 0
39 5 4 1 5 4 2 10 8
40 2 0 0 3 3 2 5 3
41 4 2 2 5 3 4 9 5
42 6 4 2 3 1 4 9 5
43 4 2 2 2 0 4 6 2
44 3 1 1 5 4 3 8 5
45 2 0 1 3 2 3 5 2
46 4 3 2 6 4 3 10 7
47 5 3 2 5 3 . 4 10 6
48 5 3 1 3 2 3 8 5
49 4 4 2 5 3 • 2 9 7
50 5 3 1 2 1 3 7 4
51 4 4 1 4 3 1
t*
8 7
52 5 2 3 8 5 6 13 7
53 2 -1 1 2 1 4 4 0
54 3 1 2 7 5 4 10 6
55 2 0 2 3 1 4 5 1
56 5 2 4 6 2 7 11 4
57 4 2 2 6 4 4 10 6
58 4 2 1 4 3 3 8 5
59 4 3 1 5 4 2 9 7
60 6 2 0 5 5 4 11 7
APPENDIX B
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FREQUENCY TABLES OF DATA VARIABLES
Descriptive Statistics
N Minimum Maximum Mean
Std.
Deviation
Pre Anxiety 60 6 20 11.33 3.81
Post Anxiety 60 6 22 11.32 3.88
Pre Enjoyment 60 13 28 20.08 3.83
Post Enjoyment 60, 9 27 20.57 3.80
Pre Conceptual 60 0
■
5 2.13 1.11
Post Conceptual 60 1 7 3.63 1.54
CONCDIFF 60 -3 4 1.50 1.53
Pre Procedural 60 0 4 1.67 1.00
Post Procedural 60 2 8 4.00 1.38
PROCDIFF 60 0 .6 2.33 1.39
Pre-Achievement 60 1 8 3.80 1.53
Post-Achievement 60 4 13 7.63 2.17
ACH_DIFF 60 -3 9 3.83 2.35







Valid 6 3 5.0 5.0 5«0
7 7 11.7 11.7 16.7
8 8 13.3 13.3 30.0
9 3 5.0 5.0 35.0
10 6 10.0 10.0 45.0
11 6 10.0 10.0 55.0
12 10 16.7 16.7 71.7
13 3 5.0 5.0 Z6.7
14 4 6.7 6.7 83.3
15 1 1.7 1.7 85.0
16 1 1.7 1.7 86.7
17 1 1.7 1.7 88.3
18
. 2 3.3 3.3 91.7
19 3 5.0 5.0 96.7
20 2 3.3 3.3 100.0









Valid 0 5 8.3 8.3 8.3
1 12 20.0 20.0 28.3
2 18 30.0 30.0 58.3
3 13 21.7 21.7 80.0
4 8 13.3 13.3 93.3
5 3 5.0 5.0 98.3
6 1 1.7 1.7 100.0








Valid 1 3 5.0 5.0 5.0
2 9 15.0 15.0 20.0
3 12 20.0 20.0 40.0
4 22 36.7 36.7 76.7
5 6 10.0 10.0 86.7
6 4 6.7 6.7 93.3
7 3 5.0 5.0 98.3
8 1 1.7 1.7 100.0








Valid 4 2 3.3 3.3 3.3
5 10 16.7 16.7 20.0
6 10 16.7 16.7 36.7
7 6 10.0 10.0 46.7
8 11 18.3 18.3 65.0
9 10 16.7 16.7 81.7
10 6 10.0 10.0 91.7
11 2 3.3 3.3 95.0
12 1 1.7 1.7 96.7
13 2 3.3 3.3 100.0








Valid 6 5 8.3 8.3 8.3
, 7 6 10.0 10.0 18.3
8 2 3.3 3.3 21.7
9 7 11.7 11.7 33.3
10 7 IIJ '11.7 45.0
11 9 15.0 15.0 60.0
12 9 15.0 15.0 75.0
13 2 3.3 3.3 78.3
14 3 5.0 . 5.0 83.3
IS 1 1.7 85.0
16 2 3.3 3.3 88.3
18 2 3.3 3.3 91.7
19 2 3.3 3.3 95.0
20 2 3.3 3.3 98.3
22 1 1.7 . 1.7 100.0








Valid 13 4 6.7 6.7 6.7
14 3 5.0 5.0
. .11-7
15 2 3.3 3.3 ','■15.0
17 4 6.7 6.7
•
21.7,
18 6 10.0 10.0 31.7
19 8 13.3 13.3 45.0
20 7 11.7 11.7 . : 56.7
21 3 5.0 5.0 61.7
22 8 13.3 13.3 75.0
23 4 6.7 6.7 81.7
24 4 6.7 6.7 88.3
25 1 1.7 1.7 90.0
26 2 3.3
. 3.3 93.3
27 3 5.0 5.0 98.3
28 1 1.7 1.7 100.0








Valid 9 1 1.7 1.7 1.7
10 1 1.7 1.7 3.3
13 1 1.7 1.7 5.0
15 1 1.7 1.7 6.7
16 4 6.7 6.7 13.3
17 4 6.7 6.7 20.0
18 3 5.0 5.0 25.0
19 7 li.7 11.7 36.7
20 5 8.3 8.3 45.0
21 7 11.7 11.7 56.7
22 6 '10.0 10.0 66.7
23 6 10.0 10.0 76.7
24 4 6.7 6.7 83.3
25 6 10.0 10.0 93:3
26 3 5.0 5.0 98.3
27 1 1.7 1.7 1Q0.0








Valid 0 4 6.7 6.7 6.7
1 12 20.0 20.0 26.7
2 24 40.0 4.0.0 66.7
3 13 21.7 CM 88.3
4 6 10.0 •10.0 98.3
5 • 1 1.7 1.7 100.0









. 1 4 6.7 6.7 6.7
2 13 21.7 21.7 28.3
3 10 16.7 16.7 45.0
4 16 26.7 26.7 71.7
5 11 18.3 18;3 90.0
6 3 5.0 5.0 95.0
7 3 5.0 5.0 100.0









Valid -3 1 .1.7 1.7 1.7
-1 4 6.7 6.7 8.3
0 12 20.0 20.0 28.3
1 12 20.0 20.0 48.3
2 13 21.7 21.7 70.0
3 13 21.7 21.7 91.7
4 5 8.3 8.3 100.0








Valid 0 5 8.3 8.3 8.3
- 1 24 40.0 40.0 48.3
2 21 35.0 35.0 83.3
3 6 10.0 10.0 93.3
4 4 6.7 6.7 100.0








Valid 2 8 13.3 13.3 ”13.3
3 15 25.0 25.0 38.3
4 18 30.0 30.0 68.3
5 11 18.3 18.3 86.7
6 5 8.3, 8.3 95.0
7 2 3.3 3.3 "98.3
8 1 1.7 1.7 100.0
Total 60 100.0 100.0
Total 60 100.0
APPENDIX D
SAMPLE LESSONS AND ACTIVITIES
Control Group Non-Graphing Calculator Instructional Method
Sample Lesson Summary - Finding Solutions to Systems by Graphing
(Coordinate Geometry)
Objectives: Students will
1. Determine the point of intersection of two lines by the graphing
method.
2. Develop problem solving and cooperative behavior.
Materials: Graph Paper, Straightedge
Vocabulary: Systems ofEquations, Solution
Lesson Guide: There were three modes that the class followed: Mode One-
Cooperative Learning Groups. Usually there were 7 or 8 groups of4 (Only “two-foot”
voices were allowed); Mode Two - Teacher as Facilitator (Only one voice at a time was
allowed); And Mode Three - Individualized. (No student communication was allowed
unless student assistants had been assigned during individualized practice. Mode 3 was
used predominantly for quizzes and tests.)
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A. 15 Minutes Sponge (Mode 1); Areview of previously learned first year
algebra skills, students worked in cooperative groups to solve systems of equations by the
methods of elimination and/or substitution. Groups successfiilly solving the problems
placed solutions on the board and received bonus points. A spinner and the “numbered-
heads” method for selecting a board presenter was used which caused all group members
to be prepared to present. While group members placed solutions on the board, the other
group members adjusted their desks to Mode 2 position which allowed all class members
to view board explanations. The solution to one of the systems of equations that was
placed on the board is below:
Given: Equation 1: 2x - y = 4 and Equation 2: x - 2y = -4.
Multiply equation 2 by -2.
2x - y = 4
-2x + 4y = 8
Add to eliminate terms in x.
3y=12
y =4 .
In Equation 1, substitute 4 for y.
2x - 4 = 4
2x = 8
X = 4 Thus (4, 4 ) is the point of intersection.
B. 25 Minutes Interactive Demonstration/Lab (Mode 2):
The teacher first emphasized that solving systems ofequations by graphing
depended upon accurate, carefully drawn graphs. Students were required to
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use graph paper and straightedges at all times. They were also told that the solution that
this method provides is not always easy to determine as in the case of fractional
coordinates. The interactive demonstration included the foUowing;
1. Students were told to find four pairs ofnumbers that satisfied two
^ven equations. For the equation y = 2x, some of the pairs were (0,0),
(1,2), (2,4), and (3,6). For the equation x + y = 3, some of the pairs were
(0,3), (U), (2,1), and (3,0).
2. They were then told to use the slope-intercept method to graph the two
equations on the same set of i^es located on graph paper.
3. They then determined, as closely as possible, the point of
intersection of the two lines and if the coordinates of that point was a
solution for both ofthe equations. The coordinates of the point of
intersection turned out to be (1,2) and it was a solution for the two
equations.
4. The teacher then had the students to assemble into Mode 1 (cooperative
groups) and experiment with additional systems ofequations, repeating
steps 1-3 above. Due to the amount of time it took for students to graph
lines using paper and pencil, on the average, only one system was graphed.
They were then asked to make a conjecture concerning the solution of a
system ofequations.
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5. In Mode 2, each group was asked to state their conjecture. (In some
lessons, they were asked to write their conjectures on the board.) The
conjectures that most groups made were sinularly to the one below:
When two lines intersect, the coordinates of the point of
intersection satisfy the equations of the lines. The ordered
pair is the solution of the system of equations.
To reinforce this conjecture, students were asked to graph the system of
equations given for the Sponge and determine if the coordinates of the
point of intersection were (4,4), which are the same as those found by the
method ofelimination. The students found that the coordinates were the
same.
C. 10 Minutes Practice (Mode 1)
Students solved problems relating to finding the point of intersection. The
application problem below was part of the homework assignment:
APPLICATION
16. The length ofa rectangular garden is two times its width (/ = 2w).
The perimeter of the garden is 30 m (21 + 2w = 30).
a. Draw the graph of each equation on the same set of axes. Use / for the
horizontal axis and w for the vertical axis.
b. Fmd the coordinates ofthe intersection of the two lines.
c. Find the length and width of the garden.
Graph of Real-World Application Problem
Graph for Problem #2
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PRACTICE: SOLVING SYSTEMS OF EQUATIONS BY GRAPHING
Graph the sytema of equations below by hand. Use a straightedge to draw each
line. Find the coordinates of the point of intersection to solve each system.
!. >- =
y =
2. )> = -X
y = X + 2
S. Jf - / = 4
2x + y = 0
2. y = X + I
y = 2jf - 1
4. X + y = 3
y = 2x - 3
6. y = 2x
X + y = 6
Solve each system,,
7. X = 2
X + 3y = -I .
8. X + y = 8
X - y = 4
9. y = 2x
X + y = 12
10. X + y = 5
3x - 2y = 10
11. X = 2y + 3
2x - 3y = 4
12. m - 3/1 = 1
4/T7 + 6/1 = 10
13. - - i/ = -1
4
a + b = 11
14. 6a - b = -S
4a - 36 = -8
Experimental Group Graphing Calculator Inatnictional Method




1. Determine the point of intersection of two lines by the graphing method.
2. Develop problem solving and cooperative behavior.
Materials: TI-83 Graphing Calculators
Vocabulary: Systems ofEquations, Solution
Lesson Guide: There were three modes that the classes followed: Mode One-
Cooperative Learning Groups. Usually there were 7 or 8 groups of 4 (Only “two-foot”
voices were allowed); Mode Two - Teacher as Facilitator (Only one voice at a time was
allowed); AndMode Three - Individualized. (No student communication was allowed
unless student assistants had been assigned during individualized practice. Mode 3 was
used predominantly for quizzes and tests.)
A. 15 Minutes Sponge (Mode 1): As a review ofpreviously learned first year
algebra skills, students worked in cooperative groups to solve systems of equations by the
methods ofelimination and/or substitution. Groups successfully solving the problems
placed solutions on the board and received bonus points. A spinner and the “numbered-
heads” method for selecting a board presenter was used which caused all group members
to be prepared to present. (Graphing Calculators were signed for and issued during this
time.)
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While group members placed solutions on the board, the other group members
adjusted their desks to Mode 2 position which allowed all class members to view board
explanations. The solution to one of the systems ofequations that was placed on the board
is below:
Given; Equation 1; 2x - y = 4 and Equation 2: x - 2y = -4.
Multiply equation 2 by -2.
2x - y = 4
-2x + 4y = 8
Add to eliminate terms in x.
3y= 12
y =4
In Equation 1, substitute 4 for y.
2x - 4 = 4
2x»8
X *= 4 Thus ( 4,4) is the point of intersection.
B. 15 Minutes Interactive Demonstration/Lab (Mode 2)
In the Graphing Calculator Instructional Method, it important that
conceptualization is stressed at the beginning of the lesson. Therefore
The teacher began this phase of the class with the real world problem listed
below.
1. The length of a rectangular garden is two times its width (/ = 2w).
The perimeter of the garden is 30m (2/ + 2w = 30).
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a. Draw the graph of each equation on the same set ofaxes. Use /
for the horizontal axis and w for the vertical axis.
b. Find the coordinates of the intersection of the two lines.
c. Find the length and width of the garden.
2. She then asked the class to place both equations in slope-intercept form
(y = mx + b) and enter them into the Y= menu of the graphing
calculator. The students immediately hit the GRAPH key and viewed
the two intersecting lines.
3. To find the point of intersection, two graphing calculator methods were
used. The first method was to use the ZOOM and TRACE keys which
gave a good estimation of the coordinates of the point of intersection.
This method clearly yielded (10, 5) for the coordinates. An additional
method used was the CALC key which has an “intersection” selection.
This gives the “exact” coordinates for the point of intersection. Again,
(10,5) was given as the coordinates.
4. The students had no trouble concluding that the length of the garden
was 10m and the width ofthe garden was 5m.
The teacher then modeled theprocedure for sketching graphs by hand using the
slope-intercept method. The students were then instructed to assemble into Mode One
and solve additional problems by using the graphing calculator and then sketching them by
hand. They were able to solve four or five problems during this time due to the speed and




In this lesson we see what kinds of graphs result when two linear equadons are
graphed on the same axes.
1. Use a graphing calculator to graph each set of simultaneous linear equations.
Theri copy the graphs from the screen onto the axes provided below.
a. y » 2x + 3
y ■ 3x - I
b. y a 2x + 3
y a 2x - 4
c. y = 2x
x + ya 12
•« (* M -l« 4 4 4 *1.1 I « I I tl II «« II >11 'll •!! .M 4 4 4 4 t III 14 II I* II .11 .*• .11 4^4 4 I * I I II *1
d. 2x + y a 3
y a 2x + 3
e. X + y a S
X - y a -10
M *1 H 4 4 4 .|.| I • I I II II H II -11 .11 .11 .Ml 4 4 4.
f. X + y a -10
2x + 20 a .2y
I I I I II II II II -ll .11 .|| -H 4 4 I « I I II II
g. 2ya.4x + 2
2yax - 16
h. 2ya.6x + 2
-4 a y + 3x
|| »» II II 4 4 4 4. I • I I II tl I* II 'll .11 41 41 4 4 4 4
i. -6x + 3y + 15 a 0
•9x- 5y + 13 a 0
t « I I <1 II II H >11 'll .11 .t| 4 4 Ml 4 I * I t II II •• ••
OUvWmwiMAgh(»Awlttot•
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Solving Simultaneous Equations ■2.Write the set of equations in Exercise 1 that intersect at one point. What is the
point of intersection for each system?
Equations: intersect at
3. a. Write the sets of equations in Exercise 1 that produce parallel lines.
Equations:
b. Find the slopes of the lines in Pan a.
Slopes:
^
c. Based on these results, what Is true about the slopes of any set of parallel
lines?
d. Without graphing, tell whether the lines with equations 2x = y + I and
X + 3y = 7 are parallel.
4. a. Write the sets of equations in Exercise 1 that produce perpendicular lines.
Equations:
b. Find the slopes of the lines in Pan a.
Slopes:
5. a. Which set of equations in Exercise 1 produced two identical lines?
Equations: .
b. Use algebra to show why their graphs arc the same.
c. How many different equations are there for the same line?
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The Graphing Calculator Instructional Method
Tl-92
Constructing Perpendicular and Parallel Lines
Constructing a The Perpendicular Lina tool creates a line passing through a point
Perpendicular Line and perpendicular to a selected linear object (line, segment, ray,
vector, side of a polygon, or axis).
1. Create any object having linear
properties such as the triangle shown
In this example.
2. Press (£T) and select 1 iPerpendicular
Una.
3. Move the cursor to a side or object Select a linear objaci.
through which you want the
perpendicular line to pass, and then
press lENTEHI.
Note: The order of steps 3
and 4 can be reversed.
4. Move the cursor to the point through
which you want the perpendicular
line to pass, and then press IEnTERI.
Select a point.
Note: You can move the 5. Drag one of the vertices of the
perpendicular line by triangle to change its orientation.
dragging the point through
which the line passes or by
changing the orientation of








The Parallel Line tool creates a line that passes through a point and is
parallel to a selected linear object (line, segment, ray, vector, side of
a polygon, or axis). •
1. Create any object having linear
properties such as the triangle shown
in this example.
2. Press (R] and select 2;Parallal Lina.
3. Move the pointer to the line,
segment, ray, vector, or side of a
polygon that will be parallel to the
constructed line, and then press
^EnSS.
Select a linear object.
Note: The order ol steps 3
and 4 can be reversed.
4. Move-*e pointer to a point through
which the parallel line will pass, and
then press I^NTgAI.
Select a point.
Note: You can move the 5.
parallel line by dragging the
point through which the line
passes or by changing the
orientation of the object to
which it is parallel.
Drag one of the vertices of the
triangle to change its orientation.
A dependent parallel line Is
drawn.
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The Non-Graphing Calculator Instructional Method
Construction and Loci
Using only a straightedge and compass, the following
can be constructed.
1. A segment congruent to a given segment
2. The midpoint of a given segment
3. An angle congruent to a given angie
4. The bisector of a given angle
5. The perpendicular bisector of a given segment
6. The perpendicular to a given line at a given point on the tine
7. The perpendicuiar to a given tine from a given point not on the line
8. A line parallel to a given line through a given point not on'the line
9. A tangent to a given circle at a given point on the circle
10. A tangent to a given circle through a point in the exterior of the circle
11. Divide a given segment Into a specified number of congruent
segments
12. The fourth segment In proportion with three given segments
13. The segment whose length is the geometric mean between the lengths
of two given segments
Concurrent Lines
Geomairy Teaching Aid tO O Preniice-Hall. Inc.
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